ESP-1| Eberline Smart Portable 
Technical Manual 


Eberline ze 


Systems Inc. 


ка ш κα“ 


а на ш 


Price List . 


Repair | —— 
Calibration — «e ^f 


EFFECTIVE January 1, 1993 

Prices are FO.B. Santa Fe, New Mexico 
Subject to change without notice 
Terms: 34 of 1% 10, net 30 days 
Minimum order $40.00 


The prices quoted herein do not include state, 
gross receipts, or local sales tax. The tax will be 
added as a separate item in the event that the 
transaction {5 determined to be taxable. 


А subsidiary of 


Eberline Thermo Instrumont 


Systems Inc. 


РО. Box 2108 

Santa Fe, New Mexico 87504-2108 

(505) 471-3232 Telex: 170515EICSFE 
FAX: (505) 473-9221 


GENERAL INFORMATION 


Instruments for repair or calibration should be packaged, тагкед гог otherwise prepared in accordance with good 
commercial practices and shipped ҒО.В. destination freight prepaid.to one of the Eberline facilities below. 


Repair and Calibration Facilities 


Eberline Instrument Corporation Eberline Instrument Corporation 
504 Airport Road - . 312 Miami Street 

Santa Fe, NM 87504-2108 West Columbia, SC 29169 . 
Attn: Western Service Center Attn: Eastern Service Center 
(505) 471-3232 (803) 822-8843 

1-800-274-4212 1-800-234-4212 


Normal turn-around time for repair (Eberline instruments) is fifteen working days. 
Normal turn-around time tor calibration (Eberline instruments) is seven working days. 


Prices (Subject to change without notice) 
Certified calibration (basic portable instruments)(2 points/range) 


Unitandoneprobe ...................................................... $98.00 
Second probe .......................................................... 49.00 
Third or fourth probe (Limited to 4 probes per instrument) ........................ 27.00 
ALPHA-3, ALPHA-5, AMS-3, HFM's, Portal Monitors, RM-22, SAM-2, WLM-1A, ESP-2, ERM-2, ‘ 
SRM-200, 6112B, 6112D (certified calibration) [Some other manfacturers portable instruments]. 155.00 
RGM-2 (certified calibration) .................................................. 435.00 
RGM-3 (certified calibration) .................................................. 255.00 
As found readings on any of the above, a charge of 50% 
of calibration rate shall be made. А 
Calibrate ‘‘non-removeable’’ contaminated instruments .............................. QUOTE 
Services Contracts (Eberline equipment)............... К НА QUOTE 
Technical Specification writing and Сопшїайоп....:............................. QUOTE 
Service Engineer at Customers 5$йе............................................. $1,025.00/day 
plus expenses at cost +10% adm. 
-Over 8 hours or Saturday and $ипдау....................................... 192.00/hr 
-Eberline Но!дау$................ MMC 256.00/hr 
Consulting .................... DM enel e reis 1,100.00/day 
Repair rate (plus calibration and parts at list рпїсе)............. νιν 90.00/һг 
Repair ““non-removeable” contaminated instruments .............................. 100.00/hr 
Expediting Fee cece less 85.00/ 
instrument 
Accredited secondary standards laboratory calibration (С5137 апа Сов photon) [Santa Fe Only]. . QUOTE 


Note: Repair and Calibration time on non-Eberline instruments is subject to availability 
of parts and literature for the specific instrument. 


Repair or Calibration Warranty 


Eberline warrants to replace or repair, at its option, any repaired products or replaced parts thereof (excluding 
tubes, crystals, batteries and normal consumables) which are found defective in material or workmanship within 
ninety (90) days from date of repair or the balance of the new purchase warranty, whichever occurs later. In- 
Struments calibrated by Eberline аге warranted to be within specitied limits at time of shipment. In the event of 
calibration error. Eberline will again calibrate the instrument without charge to the instrument owner. The aforesaid 
warranty does not cover life-end failure of components and will be voided if repair has been attempted bv other 
than seller's authorized personnel. In no event shall Eberline be liable for consequential or special damages, 
transportation, installation, adjustment, work done by customer or other. expenses which may arise in connection 


with such defective product or parts. * * 


Exclusion of Warranties and Limitation of Liability 


The foregoing warranty is expressly made in lieu of any and all other warranties express or implied including the 
warranties of merchantability and fitness for à particular purpose. Under no circumstances shall seller be liable 
for any indirect, special, incidental, or consequential damages to customer or to any third party. 


А subsidiary of 


Eberline Thermo instrument 


Systems Inc. 


PO. Box 2108 
Santa Fe, New Mexico 87504-2108 
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SECTION 1. GENERAL 


A. PURPOSE AND DESCRIPTION 


The Eberline Smart Portable (ESP-1) is a microcomputer-based portable radiation survey instrument 
designed to operate with most Eberline radiation detectors. The ESP-1 can display the data from 
these detectors in radiation units as selected and calibrated by the user. In addition, the ESP-1 has 
a built-in speaker, with earphone output capability, available for use by the operator. 


The external controls used to operate the ESP-1 are located on the face of the instrument in a single 
row of seven square push button switches. Two are "push on-push off" switches and the remaining 
five are "push on-normally off." Internal controls, accessible through a door on the right side of 
the instrument, enable the user to adjust and select other functions that are available to the operator. 
The internal controls consist of four potentiometers and four switches. 


The ESP-1 readout is a liquid crystal display (LCD) located on the face of the instrument. 
The power supply for the ESP-1 is fully self-contained and consists of six "C" cells. 


Several Eberline probes and detectors are available for use with the ESP-1. The Eberline detectors 
recommended for use with the ESP-1 are included in a table at the end of the manual. 


The ESP-1 has three operating modes, Rate Meter, Scaler, and Inquiry/Calibration. The detector 
signal is input to the computer and converted to count rate. The basic unit is counts per second. The 
Rate Meter Mode provides the operator with a dual representation of count rate. Count rate is 
displayed as an analog bar graph, the length of which is proportional to the activity at the detector, 
and as a numerical value expressed in the applicable radiation units. An audio alarm feature alerts 
the operator when an alarm setting has been exceeded. To enhance accuracy, the ESP-1 provides 
both a slow and a fast range of time response, each of which varies automatically with count rate. 


The Scaler Mode allows the operator to select a "counting period" over which the computer 
integrates the detector signal. On the first line of the LCD the instrument displays the time 
remaining in the counting period. The second line shows cumulative "events" (the basic unit) or 
cumulative radiation units, e.g., "R." At the end of the counting period the instrument displays the 
length of the counting period and the total number of events or radiation units counted. The scaler 
mode may be disabled by an internal switch. 


An Inquiry/Calibration Mode is also available. This mode is used to enter and adjust various 
parameters as necessary 1o permit optimum operation of the instrument with several types of probes. 
Tn the Inquiry/Calibration Mode, the ESP-1 is actually measuring in the Rate Meter Mode, with the 
bar graph and the alarm suppressed and with the slow response time selected to enhance accuracy. 
This mode may also be disabled by an internal switch. 
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В. SPECIFICATIONS 
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1. 


Mechanical (with batteries, excluding probe) 


a. Overall Dimensions (including all protrusions): 10.25 inches x 5.0 inches x 5.0 
inches (26.0 cm x 12.7 cm x 12.7 cm). 


b. Weight: Approximately 3.8 pounds (1.72 kg). 
Operating Temperatures: -20°C to +50°C (-4?F to +122°Е) 
Voltages 

a. Low Voltage: 5 Vdc. 


b. High Voltage (detector bias voltage): 350 to 2300 Vdc, set by the person calibrating 
the instrument to the bias voltage required for the detector being used. 


Detectors 


Most Eberline GM, proportional, or scintillation detectors for alpha, beta, gamma, or 
neutron activity may be used on the ESP-1. The detectors recommended are described at 
the end of this manual. The detectors connect to the ESP-1 via an MHV-series coaxial 
connector located on the front of the instrument. 


Readout 

a. I Two lines of 16 alphanumeric characters presented on liquid crystal display (LCD). 
b. Character size: H = 0.175 inch (4.45 mm); W = 0.124 inch (3.15 mm). 

c. Bar graph resolution: 1 in 48 (2.1 percent). 

Alarm: A 2000-Hz audio tone from the speaker. 

External Controls 


A single row of seven 3/8-inch-square push-button switches on 1/2-inch centers across the 
face of the instrument. From left to right, they are: 


ON/OFF: Press on - press off 
MODE: Press on - normally off 
RESET: Press on - normally off 
LIGHT: Press on - normally off 
+: Press on - normally off 

-: Press on - normally off 
SPKR: Press on - press off 


ss ΤΘ (б OG р 


Internal Controls 
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The internal controls consist of four potentiometers and four switches accessible through 
the door on the right side of the instrument. They are: 


a. LV (Low Voltage): Potentiometer 

b. DISCR (discriminator): Potentiometer 

c. HV (High Voltage): Potentiometer 

d. VO (viewing angle): Potentiometer 

e. SPKR (speaker): One switch (three positions) 
f. MASK: Two SPST switches 

g. TEST: Switch 

Power Supply 


The ESP-1 uses six "С" cell batteries. In the ESP-1, the end-of-life (EOL) voltage per 
cell is approximately 0.93 Vdc using carbon-zinc cells. Six carbon-zinc batteries provide 
approximately 250 hours of continuous use (excluding display lighting). Operation with 
alkaline cells provides even longer battery life. The ESP-1 senses the low battery 
condition at approximately 0.95 Vdc/cell and signals the user by blinking the first 
character on the display. This indicates that at least 4 hours of operation remain before 
the end of battery life. The ESP-1 is programmed to tum itself off after it has operated 
for 2 hours under the "low voltage" condition (first character blinking). The instrument 
can be tumed on by the operator and will operate for another 2 hours after which it will 
turn itself off again. 


The ESP-1 computer always has a supply of power to the memory so that data will be 
retained when the power switch is off. The typical battery drain with power off is less 
than 10 μα; therefore, the batteries should be changed at least once a year. To allow 
battery change without loss of memory, the ESP-1 uses a 0.047-F capacitor to supply 
power to the computer. This allows about 20 minutes to change batteries. 
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$ЕСТТОМ 2 


A. 


MODEL ESP-1 


SECTION 11. SIMPLIFIED OPERATING INSTRUCTIONS 


INTRODUCTION 


1. General 


This section is intended to provide the first time user with a quick guide to what the ESP-1 does 
and how to operate it. Much of the information included here occurs in later sections of this 


manual in more detail. 


The ESP-1 is simple and straightforward in its operation. The basic principle of operation is that 
the signal from an attached detector is input into the computer in the ESP-1 instrument, and this 
signal is converted to count rate. The ESP-1 can be used either as a rate meter or as a scaler, 


and a variety of units can be selected for display of the data. 


The ESP-1 has three modes of operation: 


a. The Rate Meter Mode: 


updates and displays selected units per time, such as counts per minute 
or mR/h; 

provides the operator with a dual representation of count rate; that is, 
it provides a moving analog bar graph representing count rate and also 
a digital value for count rate; 


alarms when a preset value is exceeded. 


The Rate Meter Mode is generally used for routine surveys of surfaces, personnel, and clothing 


for either contamination or exposure rate measurements from a radioactive source. 


b. The Scaler Mode: 


allows setting the time interval over which counts or events are to be 
measured; 


counting is started and ends after the selected time interval; 


registers the number of events for integrated exposure in the selected 
time interval; 


sounds audible alarm if the integrated counts in the selected time period 
exceeds the value set on the alarm. 


The Scaler Mode is used for quantitive data accumulation over a longer period of time. 
Using the Scaler Mode, comparisons can be made of radioactivity in various samples or 
situations with the result that increased accuracy in the data may be obtained by counting 
over longer periods of time. An example would be the determination of thyroid gland 
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burden of radio iodine by counting the thyroid for a period of time, perhaps five minutes. 
This mode can be disabled by an intemal switch; refer to section ILD. 


c. Inquiry/Calibration Mode: 


enables the user to select the units which will be used in the Rate meter 
Mode; 


enables the user to set the alarm point; 


enables the user to set two constants, the calibration constant (CC) and 
the dead time (DT) for the particular detector being used; 


enables the user to monitor the high voltage which is applied to the 
detector. 


This mode can be disabled by an internal switch; refer to section ILE. 


2. User Calibration 


a. User Calibration of the ESP-1 with a detector purchased with the instrument: 


The ESP-1 is calibrated at the manufacturing facility. If the instrument was purchased with 
a detector, the correct calibration factors for that detector are already entered at the factory 
and the instrument is ready for immediate use. You should verify that these parameters are 
the same as those supplied on the calibration certificate supplied with the detector. Refer 
to section ILE. for directions on viewing the parameters. 


b. User Calibration of ESP-1 with Various Detectors: 


If a radiation detector was not purchased with the ESP-1 from the factory, the ESP-1 was 
calibrated generically at the factory rather than for a specific detector. In that case, 
calibration factors for the detector of choice will have to be entered into the ESP-1 before 
it is ready for use. 


CAUTION 
Failure to enter the correct parameters for the detector 


being used may result in erroneous values being 
presented on the display of the ESP-1. 
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Figure 2-1. External Controls and Display 


2-3 


The parameters which require being set for a particular detector are: 


Section 
1) Alarm Point ILE.1. 
2) Units ILE.2. 
3) Calibration Constant ILE.3. 
4) Detector Dead Time ILE.4. 
5) High Voltage ΠΕ.5. 


The last four are preset at the factory for the detector which was purchased with the ESP-1. 
The alarm point is set at a high value at the factory and, thus, should be reset to a user 
determined value if it is desired to use this feature of the instrument. 


Section П.Е. provides simple instructions on how to reset (recalibrate) the items when changing 
detectors or recalibrating the instrument. ` . 


The high voltage should be checked or readjusted for a new detector, PRIOR to connecting the 
detector. Failure to do so may result in damage to the detector. 


Calibrations Required by Regulatory Agencies 


Regulatory agencies generally require routine laboratory calibration of radiation survey 
instruments by an approved facility at least once per year. To have your instrument recalibrated 
retum the ESP-1 and detector to the factory in Santa Fe, to the Eberline repair facility in 
Columbia, South Carolina, or to another approved calibration facility. If your facility has been 
approved for such calibrations, this may be accomplished by using the procedures given in 
section V, "Calibration." 


B. PRELIMINARY INSTRUCTIONS 


24 


Upon recciving the ESP-1 perform the following before proceeding. 


1. 


Set Up the ESP-1 and Detector 


The ESP-1 has an MHV connector on its front surface for connection to a radiation 
detector. This connector supplics high voltage to the detector and also transmits the detector 
signal to the ESP-1 for processing and display. If the ESP-1 is already connected to a 


' detector then it is reasonable to assume that the high voltage has been previously set. If you 


are not sure that the high voltage has been properly adjusted, disconnect the detector from 
the instrument by rotating the cable connector counterclockwise. You can proceed through 
these instructions without the detector being connected. 
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CAUTION 


Failure to disconnect the detector from the instrument before 
tuming it on can damage the detector if the high voltage is not set 
properly for the particular detector. Instructions for checking and 
setting the high voltage can be found in section ILE.5. 


When you are ready to connect the detector, verify that you have the proper cable. It should 
have a MHV connector on one end which mates to the ESP-1 and a connector on the other 
end to mate with the detector. Refer to the ESP-1 catalog sheet for the proper cable to use 
with the specific detector. The cable number is printed somewhere along the length of the 
cable. The MHV end of the cable connector typically has white insulation in the center 
which extends slightly beyond the end of the metal portion of the connector. In contrast, 
a BNC cable connector typically has the insulation flush with the connector end. To connect 
the cable, rotate the connector clockwise. 


Turn the Instrument ON and OFF 


Press the ON/OFF switch to turn the instrument on. The same switch will have to be 
pressed to turn the instrument off. 


When the instrument is turned on, the display should indicate a numerical value on the 
lower line and a bar graph on the upper line. The bar graph may be off-scale, so press the 
RESET button to get її back on scale. The ESP-1 is in its Rate Meter Mode. Refer to 
section П.С. for more information on the displayed information. 


If the instrument has been properly calibrated and is connected to a detector, it is ready to 
use. Refer to section ILE. for instructions on how to view and change the calibration 
parameters. 


A quick check to determine that the instrument is functioning is to compare the numerical 
value being displayed to the background radiation level. If they are close, then the 
instrument is operating and ready to use. Remember that normal statistical fluctuations can 
cause relatively large changes in the displayed reading at low levels. Press the SPKR button 
and you should hear a click corresponding to each detector event. If this is not the case, the 
speaker rate switch could be in the wrong position. Refer to section ΠΙ.Α.2. 


Determine Low Battery Condition and Battery Replacement 


Examine the first character space in the display (upper left hand comer). If it is blinking, 
the batteries are low and need replacing. The ESP-1 uses six "C" cell batteries. 


The instrument automatically turns itself off two hours after the low battery condition signal 
is given. The ESP-1 can be turned back on after it turns off, but will tum itself off again 
after two hours. 


To change batteries, remove the large screw in the bottom of the case, and carefully remove 
the case bottom while being careful not to disconnect the grounding wire which is 
connected to the bottom of the case. Replace the batteries while being careful to orient the 
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batteries according to the diagram printed on the bottom surface of the compartment which 
holds the batteries. (See figure 5-2.) 


BATTERY CAUTION 


The ESP-1 and the ESP-2 use a small amount of power from the batteries 
even when turned off, If the instrument is not going to be used for some 
period of time (say two months or more), we recommend removing the 
batteries from the instrument. The instrument parameters will be lost 
when the batteries are removed! The calibration parameters will also be 
lost when the batteries are drained down. If the batteries are left in the unit, 
they may leak and cause corrosion. 


OPERATION IN THE RATE METER MODE 


The ESP-1 is automatically placed in the Rate Meter Mode when the instrument is turned on. 
Examine the display. It will show: 


1. Analog Bar Graph (at the top of the display) 


The length of the moving analog bar graph is proportional to the detector count raie. One 
purpose of the moving bar graph is to permit more rapid recognition of a sudden increase 
or decrease in the radiation field being measured as compared to visual recognition from 
the changing numbers. 


If the bar graph is off scale in either direction, it may be brought back on scale by pressing 
the RESET button. The full scale value of the bar depends on the level of radiation being 
measured. Pressing the RESET button always resets the value of the bar graph to a point 
that is 33 percent of full scale. If the bar graph is displayed and is varying, the ESP-1 is 
working. 


2. Numerical Value of Count Rate (at the bottom of the display) 

: The second line of the display is the numerical value of the count rate. The value is 
expressed as a number followed by a second positive or negative number. The second 
number corresponds to a power of 10. Example: 1.00 "+" 02 mR/h is 1 x 10* = 100 mR/h. 

3. Alarm 
The alarm point is a selected value which results in an audible alarm when the counting rate 
reaches that value. To silence the alarm, press SPKR key. The alarm will sound even if the 
speaker is off at the time the alarm is activated. 
The alarm point can be viewed and set by pressing the MODE key. The display will contain 
either the "ALM AT" (Alarm Setting) display or will contain the "SCALER MODE?" 
prompt. If the latter is displayed, press the - key and you will see: 


ALM AT (ALARM SETTING) 
RATE METER READING 


The value of the alarm setting "ALM AT" can be increased or decreased as desired by 
simultaneously pressing RESET and + or RESET and -. 
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Note that the longer the RESET and + or - are held down, the faster the value changes. In 
this manner large changes in value can be made in a relatively short period of time. When 
the changing value approaches the desired value, release the keys and then press them down 
again to permit slow changes in the displayed numbers until the desired value is reached. 


When the desired value of "ALM AT" is displayed, press the MODE key to return to the bar 
graph display. 


CAUTION 


While "ALM AT" is being displayed, the instrument will not 
provide an audible alarm even if the counting rate exceeds the 
alarm point. The audible alarm is only active in the Rate Meter 
Mode when the bar graph is displayed (regardless of whether the 
bar graph is on scale or not). 


4. Overrange Indication 


When the detector pulse rate exceeds the capability of the ESP-1 to maintain a linear 
relationship between radiation level and displayed reading, the words " OVERRANGE'" will 
appear on the display in place of the analog bar graph. Numerical value will still be 
displayed but should not be relied upon as the useful range of the ESP-1 and detector has 
been exceeded. This is a latching condition, and once it occurs, the words "OVERRANGE” 
will be displayed in all three modes of operation. To clear the condition, the ESP-1 must 
be turned off and then back on. The overrange determination is based upon the detector 
pulse rate and the dead time (see section ILE.4.). This feature requires that the ESP-1 and 
detector be properly calibrated for it to function correctly. 


D. OPERATION IN SCALER MODE 


Start with the instrument in the Rate Meter Mode. Press the MODE switch. The display should read: 


SCALER MODE 
+ = USE/- = NO 


If the display does not indicate the above, the Scaler Mode has been disabled by an internal switch. 
To enable access to this mode, first open the door in the side of the instrument and locate the switch 
in the lower left comer marked SCALER, Refer to figure 3-1. Move this switch to the ENABLE 
position by sliding it to the left. 


If the + key is pressed, the Scaler function will be selected. If the - switch is pressed, the instrument 
will again be placed in the Inquiry/Calibration Mode provided it has not been disabled by the internal 
switch. Press the + key. The display will read: 


UNITS = EVENTS 
+ = USE/- = NO 


or 


UNITS = (UNITS SELECTED) 
+ = USE/- = NO 
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CAUTION 


When using the scaler mode the dead time correction is always 
disabled. The calibration constant, however, is applied except 
when the units selected are "events". To repeat: When in the 
scaler mode, the units selected must be "events" or a calibration 
constant will be applied to the output. 


Units are either events or the selected rate meter units (e.g., mR, rem, CNT). To select units, press 
- until the desired unit is displayed. Then press + to accept the unit displayed. The display will 
‘change to: 


UNITS = (AS SELECTED) 
ALM AT (ALARM SETTING) 


The alarm indicated here is not the rate meter alarm, but is one that sounds if the set value of total 


(integrated) events or selected units is exceeded. Pressing RESET and + or - simultaneously will 
increase or decrease the total at which the alarm sounds. Press +. The display will read: 


UNITS = (AS SELECTED) 
CNT FOR (COUNT PERIOD) 


The count period can be set by the operator for any interval from 1 second to 4 hours. Pressing 
RESET and + or - simultaneously will increase or decrease the length of the counting period. 


To obtain a total count over a set count period, press +. The display will read: 


CNT FOR (X:XX:XX)(h:m:s) 
RESET TO START 


Press RESET. After one second, the display will read: 


QCXX:XX) LEFT (h:m:s) 
(TOTAL COUNT SO FAR) 


When the count period has expired, the display will read: 


CNT FOR (X:XX:XX) 
(TOTAL COUNT) 


For another total count, pressing RESET erases the previous count and starts a new counting interval. 
During the count period, the audio alarm will sound if the alarm limit is exceeded. 


When operations or settings in the Scaler Mode have been completed, pressing MODE twice will 
shift the ESP-1 to the rate meter mode. The display will read: 


ІШ (BAR GRAPH) 
RATE METER READING 
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E. OPERATION IN INQUIRY/CALIBRATION MODE 
1. Selecting of Inquiry/Calibration Mode and Setting the Alarm 


After turning on the instrument it will be in the rate meter mode. Press the MODE key and 
the display will read: 


SCALER MODE 
+ = USE/- = NO 


or 


ALM AT (ALARM SETTING) 
RATE METER READING 


If the "SCALER MODE" prompt is displayed (the first possibility shown above) then press 
the - key to enter the Inquiry/Calibration Mode and obtain the "ALM AT" display (the 
second possible display shown above). Pressing the + key will place the instrument in the 
Scaler Mode; refer to section П.Р. 


The first entry in this mode is the alarm point viewing and setting. Refer to section ILC.3. 
where directions for this procedure have already been given in the discussion on the rate 
meter mode. When the desired value of "ALM AT" is displayed, press the + key. 


2. Changing Units 
a. When the + key is pressed (step 1), the display should show: 


UNITS = (UNITS SELECTED) 
RATE METER READING 


If the display does not indicate the above, the Inquiry/Calibration Mode has been disabled 
by an internal switch. To enable access to this mode, first open the door in the side of the 
instrument and locate the switch in the lower left comer marked INQUIRY/CALIBRATION. 
Refer to figure 3-1. Move this switch to the ENABLE position by sliding it to the left. This 
will permit adjusting of all the parameters that can be changed from the keypad on the top 
of the instrument. Likewise, after all the parameters have been adjusted, placing the switch 
in the DISABLE position will prevent changing of the parameters from the top of the 
instrument. 


b. If the units currently displayed are acceptable, the next step (c.) may be bypassed by 
pressing 4. 

ο. If units other than those displayed are desired, press RESET. The options for selection are 
the "BASE" unit, the "SUFFIX" on the unit, and the "PREFIX" on the unit. The first 
display will be the selection of the base unit as follows: 


BASE (UNIT) 
+ = USE/- = NO 
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The selection of the "BASE" units is now possible. 
The choices available for base radiation units are: 


R roentgen 

cnt counts 

Gy gray 

Sv sieverts 

rem roentgen equivalent man 
dis disintegrations 

rad rad 


Notice that the base unit is what is displayed; thus, if mR/h is desired on the display, select 
"К" as the base unit. The prefix (milli) and the suffix (h) will be added in the next steps. 


In each case, press - to reject the displayed parameter, and another selection will be offered. 
When the display shows the desired base unit, press + to accept it. 


CAUTION 


Selection of a new base unit requires an ap- 
propriate change in the calibration constant 
(CC). Refer to section ILE.3. Changing the 
prefix or suffix does not affect calibration 
and so requires no change in the calibration 
constant. 


Selection of "SUFFIX" 


After the 4 is pressed (as discussed above) to accept the base unit, the display will then present 
the selection of suffix as follows: 


SUFFIX (UNIT TIME) 
+ = USE/- = NO 


The suffix is the unit of time used to calculate the displayed "RATE METER 
READING." Three are available: 


$ second 
min minute 
h hour 


Again, press the - switch to reject the suffix displayed and call the next choice to be displayed. 
When the desired suffix is displayed, press + to accept it. 


Selection of "PREFIX" 
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After the + is pressed above to accept the suffix, the display will then present the selection of 
prefix as follows: 


PREFIX (VALUE) 
+ = USE/- = NO 


The prefix is the value by which the base unit is multiplied to provide a more convenient unit 
of actual measurement. Four are available: 


(NONE) no prefix 


μ micro (x 105) 
m milli (x 10?) 
k kilo (x 10°) 


If the prefix displayed is not the desired value, then press - to reject it and call the next choice 
to be displayed. When the desired prefix is displayed, press + to select it. The setting of 
radiation units to be measured would now be complete. An example of this would be: 


PREFIX BASE SUFFIX 
m R /h 
(milli) (roentgen) ` / (hour) 


The units may be selected in any combination of prefix/base/suffix. Press the + switch to select 
the prefix. 


Setting the Calibration Constant (CC) 

a. Definition of Calibration Constant: 
The calibration constant (CC) is the number used to convert the counts from the detector 
to the previously displayed base unit. Specifically, the displayed rate meter reading is 


derived by dividing the counts per seconds (from the detector) by CC and then scaling the 
result based on the selected prefix and suffix. 


b. Display of Calibration Constant (CC) Setting: 


If the current value for the units was accepted by pressing + (step 2 above), the display will 
read: 


CC z (NUMERICAL VALUE) 
RATE METER READING 


C. Selection of "CC" for detectors which were purchased with the ESP-1 from the factory: 


If a detector was purchased with the ESP-1 from the factory, the calibration constant will 
already be set at the factory for this detector and the following section may be bypassed 
until a different type of detector is to be used with the instrument, or until time for routine 
recalibration of the instrument. 
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The calibration constant will have to be changed when switching detectors. When changing 
back from another detector to the detector which was purchased with the ESP-1, use the 
calibration constant which is given on the calibration sheet supplied with the combined 
ESP-1 and detector. Change values by pressing simultaneously either RESET and + or 
RESET and -. 


Selection of Calibration Constant for various detectors: 
(1) If the detector was not purchased with the ESP-1 and, thus, a calibration sheet is not 
available, use the nominal value for the particular Eberline detector which is given in 


section V, "Maintenance," 11292-A36. 


(2) To increase the value of CC, press RESET and + simultaneously. To decrease the 
value of CC, press RESET and - simultaneously. 


(3) To calculate a calibration constant for detectors other than those listed in the table, the 
sensitivity of the detector must be known and is usually found in the list of 
specifications given on the catalog sheet. Calculations using a HP-270 detector as an 
example are given as follows: 

sensitivity = 1200 c/min/mR/h 
Calibration = 


1200 c/min x 1000 mR/R x 60 min/h = 7.20 + 07 c/R 
mR/h 


4. Setting the Dead Time (DT) 


a. 


Definition: 


The dead-time correction constant is a derived number used to correct for counting losses 
due to inability of the detector to recover at high counting rates. This correction results in 
a more linear response to the radiation field being measured and extends the useful range 
of some detectors used with the ESP-1 by a factor of as much as ten times (which provides 
the equivalent of an extra range on a standard rate meter). 


Selection of "DT" for detectors which were purchased from the factory with the instrument: 
If the ESP-1 was purchased with a detector from the factory, the DT value will be correctly 
set at the factory and the next section may be bypassed until it is necessary to use a 


different detector or until time for routine calibration. 


When changing back from another detector to the detector purchased with the ESP-1, use 
the DT given on the calibration shect supplied with the combined ESP-1 and detector. 
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C. Selection of DT for Various Detectors: 
(1) 1f the detector was not purchased with the ESP-1 and, thus, a combined calibration 
data sheet is not available, use the nominal value for the particular detector which is 
given in Section V, "Maintenance," 11292-A36. 


(2) To increase the value of DT, simultaneously press RESET and +. To decrease the 
value of DT, simultaneously press RESET and -. 


(3) For a detailed discussion of DT consult section V.A., "Calibration". 

CAUTION 

If you do change detectors, the calibration constant (CC) 

and the dead time (DT) must be changed. Use the 

procedures just described in section ILE., steps 3 and 4. 

5. Setting the High Voltage for the Detector of Choice 

CAUTION 

Do not press any of the keys! The high voltage is not 

changed from the top of the instrument. Proceed as 


follows: 


a. Selection of High Voltage for detectors which were purchased from the factory with the 
instrument: 


If a detector was purchased from the factory with the instrument, the operating high voltage 
will already be set at the factory for this detector, and the following section may be 
bypassed until a different type of detector is to be used with the instrument. 


b. Selection of High Voltage of Various Detectors: 


(1) If the calibration data sheet supplied with the detector is available, use the 
recommended operating high voltage which is given there. 


(2) If the calibration sheet supplied with the detector is not available, use the following 
general recommendations: 


(a) Geiger-type detectors (HP-190, HP-260, HP-270): use 900 volts (exception: HP- 
290 requires 550 volts). 


(b) Scintillation and proportional detectors: determine the plateau response of the 
detector according to the procedure described in section V.A.3.c. and figure 5-1, 
and select an operating voltage value which is 75 volts above the beginning of the 
plateau. 
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Procedure for Determining the Present Setting for the High Voltage as Viewed on the 
Display: 


After the desired value for DT is selected (as discussed above), press +. The display will 
then show the present value for the high voltage setting and will look like this: 


HV = (NUMERICAL VALUE) 
RATEMETER READING 


If this value is not the recommended high voltage for the detector which you plan to use 
with the instrument, change the value using the directions given in step d. (following). 


CAUTION 


Do not attempt to adjust the high voltage using the keys on 
top of the instrument. This adjustment is accomplished by an 
internal potentiometer. 


Changing the High Voltage: 


(1) 


Disconnect the detector from the instrument by rotating the MHV connector 
counterclockwise and then open the door on the side of the instrument. 


(2) Refer to figure 3-1. Using a small screwdriver, adjust the potentiometer marked HV 


(3) 


(the third potentiometer from the right) until the value seen on the display is the value 
desired for the operating high voltage. 


The operating high voltage must be changed when switching to a different type of 
detector, such as switching from Geiger-Mueller (G-M or ionization) type of detector 
(HP210, HP-260, HP-190, HP-270, HP-290) to a scintillation type detector (LEG-1, 
SPA-3, SPA-6, etc.) or to the neutron detector (NRD-1). To accomplish this, 
remember that high voltage can only be changed with a screwdriver at the side of 
the instrument (inside the compartment at the right side) by adjusting the correct 
potentiometer (Figure 3-1) and viewing the values on the display until the desired 
voltage is reached. Do not attempt to change the values shown on the display for 
"HV" by pressing RESET and + or -. This would change the calibration of the 
display itself; it does not change the high voltage. If this occurs, the instrument will 
have to be recalibrated by returning the instrument to the factory for recalibration. It 
is possible to operate the detector at the wrong high voltage and not realize it. This 
may result in damage to the detector or may result in erroneous values being presented 
on the display of the ESP-1. 


Make sure that you check the high voltage when changing from a scintillation 
detector to a Geiger-type detector, before you attach the detector to the ESP-1. This 
will protect your Geiger detectors from accidental exposure to voltage which is too 
high for the tube. 


The detector of choice may now be attached to the ESP-1 since there is now assurance 
that the correct high voltage will be applied by the instrument to the detector. 
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The next sequence on the display (after Ше "НУ" display) goes back to the beginning 
of the sequence, which is the "ALM AT" parameter. Return to the Rate Meter Mode 
by pressing the MODE key. 


F. SIMPLE TROUBLESHOOTING 


Although detailed troubleshooting will be given in section V, two simple suggestions for 
troubleshooting will be given here. 


1. 


Condition: Blinking character or letter on the display. 


Tf the character in the upper left-hand corner of the display is blinking, the batteries are low and 
need replacing. 


Remove the large screw in the bottom of the case, and carefully remove the case bottom while 
being careful not to disconnect the grounding wire which is connected to the bottom of the case. 
Replace the batteries while being careful to orient the batteries according to the diagram printed 
on the bottom surface of the compartment which holds the batteries. See figure 5-2. 


Condition: Display prints erratic numbers or figures ("garbage"). 


If the display shows characters or letters which are not a part of the usual display mode (displays 
"garbage"), the program in the microprocessor has lost its initialization (has become 
"scrambled"). To correct this condition and reinitialize the microprocessor, perform one of the 
following procedures: 


a. Таке the batteries out of the instrument and wait at least 30 minutes. This will give 
adequate time for a capacitor (C1) to discharge and allow the microprocessor to reinitialize 
itself when the batteries are replaced and the instrument turned on. 


b. Or,if you cannot wait 30 minutes: After removing the batteries, perform the following 
steps: 


(1) Remove the side door to the instrument. 


(2) Refer to figure 3-1. Look inside the instrument and locate capacitor C1. This capacitor 
is located on the top electronic board(in the top half of the area which is visible after 
the side door is removed). It is round in shape and is 5/8 inch in height and 5/8 inch 
in diameter and it is usually green or gray in color. 


(3) Discharge this capacitor by touching the end of a small screwdriver across the two 
leads of the capacitor. A smali discharge noise may be heard. Hold the short for 30 
Seconds. 


c. Replace the batteries in the instrument, while being careful to orient them according to the 
diagram printed on the bottom surface of the compartment which holds the batteries. 


d. Tum on the instrument and determine if the condition is corrected. The display should 
present letters and numbers which are a part of the usual display modes and are 
"reasonable." 
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е. 


If the display is still not functioning correctly, you тау wish to consult detailed 
troubleshooting in section У or return your instrument to the factory for repair. 


CAUTION 
Reinitializing the microprocessor resets all parameters, including 


the high-voltage calibration. Complete recalibration must be 
performed before using the instrument. 
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SECTION 3 


MODEL Е$Р-1 


SECTION Ш. DETAILED OPERATION 


A. DESCRIPTION OF CONTROLS AND CONNECTORS 


1. 


Operator Controls - External (figure 2-1) 


a. 


b. 


ON/OFF: Pressing this switch turns the instrument on or off. 


MODE: Pressing the MODE switch changes the mode from that currently selected to one 
of the other modes (Rate Meter, Scaler, or Inquiry/Calibration.) 


RESET: The functions of the RESET switch depend on the operating mode selected for the 
instrument. 


(1) 


(2) 


(©) 


In the Rate Meter Mode the RESET switch is used to maintain the bar graph on the 
display. 


In the Scaler Mode the RESET switch resets the ESP-1 to a new count interval and 
starts the count. When used simultaneously with "+" or "-", pressing the RESET will 
increase or decrease the selected parameter (count interval or alarm set point). 


In the Inquiry/Calibration Mode the RESET switch has two functions. Used alone, 
when units are displayed on the first line, it allows the operator to select or to change 
to another unit. When the operator is examining or setting parameters (calibration 
constant, dcad time, or alarm), RESET used simultaneously with "+" or "-" will 
increase or decrease the value set for that parameter. 


LIGHT: When the LIGHT switch is pressed, the display is illuminated. 


+: The functions of the "+" switch depend on the operating mode. 


O 


(2) 


In Rate Meter Mode: The ESP-1 automatically varies response time with count rate 
to maintain a maximum +5 percent standard deviation above 2500 cpm. The normal 
(fast) response time ranges between 1.0 and 10.0 seconds. A slower response time, 
ranging from 1.8 to 29.0 seconds is available to maintain a maximum +3 percent 
standard deviation above 2500 cpm. The improved accuracy/slow response time is 
operative while the "+" switch is pressed and for one minute after it is released. 

In Scaler Mode: The "+" switch is used to set up the instrument to count events or 
basic units over a selected time interval. When used simultaneously with RESET, it 
increases the count interval or alarm set point. 


ESP1.MAN/February 1992 3-1 


‘youms 1oddn ay) Suruonisodai uou “оцга peorueyosur e se yons 122140 mews e pm uontsod parisop 91ῃ о YMS 
αολλο] ay) Suruonisod ‹ќем ap JO mo Jojemyoe Yous Joddn әп Зшлош 15) 54 195 9q ÁTISCO ued Aou], "juoumujsur әш JO ISLI AP Aq MOLA шоу 
шәрріц 915 SOUDIMS JAMO] AL "Suo SL элоде uo poreoor SIYIJLAS Jo лей v JO pasuduroo are $әцәплз (әтем S) эзе αοχσοᾶς pue ASPE LON 


N 
e 
2 
5]041u07) τί "[-g 911811 > 
E 
5 
2 
< 
2 
& 
vi 
m 
A1 
-- ο 
(NO) | a38vsiq 318VN3 
чалуз$ 
: p 
ο 
e 


HOLIMS 1531 


f. 


(3) In Inquiry/Calibration Mode: The + switch has two functions. Used alone, it causes 
display of the next parameter in the list of parameters. Used simultaneously with 
RESET, it allows the operator to increase the value of the selected parameter. 


CAUTION 


External keypad controls allow monitoring and calibration of the 
high voltage display, but do not allow setting (or changing) the 
actual high voltage. Do not attempt to change the high voltage by 
pressing RESET + or RESET -. Refer to the "Operator Controls" 
section for a description of the internal potentiometer used to vary 
the actual high voltage. 


-: The functions of the "-" switch depend on the operating mode. 


(1) In Rate Meter Mode: If the slow response time is being used, pressing the - switch 
will override the one minute delay and will immediately place the ESP-1 back in the 
fast response time. 


(2) In Scaler Mode: The "-" switch is used to provide the operator access to the list of 
parameters. When used simultaneously with RESET, "-" decreases the count interval 
or alarm set point. 


(3) In Inquiry/Calibration Mode: The - switch has two functions. Used alone, it causes 
display of the preceding parameter in the list of parameters. Used simultaneously with 
RESET, it allows the operator to decrease the value of the selected parameter. 


SPKR: Pressing the SPKR switch turns the speaker on or off. It also tums off the alarm 
when it sounds. When SPKR is used to silence the alarm, the speaker remains on until the 
operator presses SPKR again. 


2. Operator Controls - Internal (figure 3-1) 


Removing the right side door will provide access to the following: 


a. LV: This potentiometer adjusts the operating voltage for the instrument. It is set for 5.00V. 

b. D: This potentiometer is the discriminator adjustment. It is set to an optimum input 
sensitivity for the detector being used. (See section V.) 

c. НУ: This potentiometer adjusts the high voltage (detector bias). It is set to the optimum 
operating voltage for the detector being used (see section V). High voltage is continuously 
variable from 350 to 2300 V. Tum the potentiometer clockwise to increase the high voltage 
and counterclockwise to decrease it. The value of the high voltage being output to the 
detector is displayed as the "HV=" parameter in the Inquiry/Calibration Mode. 

d. VO: This potentiometer adjusts the viewing angle of the display. It is set by the operator 
to optimize the readout to his manner of using the instrument. 

e. SRATE (one switch, three positions): These switch positions select the rate heard from the 
speaker. They are used to scale down the count rate from a high count rate detector (e.g.; 
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SPA-3) to a more usable rate from the speaker. The operator can set the rate heard from 
the speaker to be equal to the detector count rate or equal to the detector count rate divided 
by either 64 or 256, Figure 3-1 explains the switch settings. 


f. MASK (two SPST switches): One switch disables the Scaler Mode. The other disables the 
Inquiry/Calibration Mode except for the Rate Meter "alarm setting.” Either function or both 
may be disabled. Figure 3-1 explains the switches. 


g. TEST: This switch is for use with automatic testing only and should always be set in the 
operate position (both poles up, toward PC board). 


B. PREPARATION FOR USE AND OPERATIONAL CHECK 


3-4 


1. 


The instrument should be provided to the operator already calibrated and with the proper probe 
attached (section УШ). 


The instrument should be checked for physical damage. 


Insure that the instrument is operating by pressing the ON/OFF switch, energizing the instrument 
and causing the LCD readout to show the bar graph on the first line and a numerical value of 
count rate on the second line. If the first character of the display is steady, battery output is 
adequate. If the first character of the display is blinking, the operator should consider replacing 
the batteries before proceeding. 


Press RESET. If the bar graph is displayed and is varying, the ESP-1 is working. Exposure to 
a radiation check source will confirm proper operation by causing the bar graph level and the 
digital value to increase. 


Press and hold down the LIGHT switch. The display should be illuminated. If the outside light 


is too bright, shield the display so that the instrument light can be seen. Release the LIGHT 
Switch. 


Press the SPKR switch and listen for an audio indication that the instrument is detecting 
"events." This indication is a series of "click" sounds from the speaker. The presence of this 


indication confirms that the ESP-1 is operating, although its absence does not confirm that the 
instrument is not operating. 


OPERATING THE INSTRUMENT 


The ESP-1 is simple and straight forward in its operation. Turn the ESP-1 on by pressing the 
ON/OFF switch to obtain a display on the LCD. 


Rate Meter Mode (refer to figure 3-2) 


The instrument is always in Rate Meter Mode when it is first turned on. The display will read: 


1ШПШ (BAR GRAPH] 
RATEMETER READING 
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Press MODE. If Scaler and Inquiry/Calibration Modes are disabled the display will look like: 


ALM [ALARM SETTING] 
RATEMETER READING | 


The setting of "ALM AT" establishes the count rate at which the alarm sounds. If the level of 
activity exceeds this setting, the operator will be alerted by a 2000-Hz tone emitted by the 
speaker. This tone will sound even if the speaker is off at the time the alarm is activated. 
Pressing SPKR acknowledges the alarm, silencing it. The alarm will remain silent until the 
readout has dropped below the alarm setting and exceeded it again. The value of the alarm 
setting can be increased or decreased by pressing RESET and "+" or "-" simultaneously. When 
the desired value of "ALM AT" is displayed, press MODE to return to Rate Meter Mode. 


NOTE 


The longer RESET and "+" or "-" are depressed, the 
faster {һе value changes. This facilitates large value 
changes in a relatively short time. Releasing the switches 
and depressing again will retum to slower value changes. 
This applies anytime RESET and "+" or "-" are used as 
described in the operations that follow. 


When the ESP-1 is in the Rate Meter Mode, the operator may adjust the full scale of the bar 
graph and choose fast or slow ranges of response time. 


The bar graph functions essentially as a graphic presentation of detector count rate. Pressing 
RESET will position the end of the bar graph at a point that is 33 percent of the total window 
width from the left side of the display. As an example, 100 mR/h is displayed as: 


ШШ 
1.00 + 02 mR/h 


When RESET is pressed, the end of the bar graph represents 100 mR/n. If the level drops, the 
end of the bar graph will move to the left. If the level increases, the end of the bar graph will 
move to the right. If the level increases more than a factor of 3 (above 300 mR/h in this 
example), the end of the bar graph will go off scale on the right. Pressing RESET will bring the 
end of the bar graph into view again and will set its value again. 


2. Scaler Mode (refer to figure 3-3) 


Begin in Rate Meter Mode and press MODE. If the Inquiry/Calibration Mode is disabled, the 
display will read: . 


5САГЕК МОРЕ? 
+ = USE/- = NO 


Pressing "-" will call the "ALM AT" parameter as previously described. Press "+." You аге now 
in the Scaler Mode. The display will read: 


UNITS = EVENTS 
+ = USE/- = NO 
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or 


UNITS = [UNITS SELECTED] 
+ = USE/- = NO 


CAUTION 


When using the scaler mode, the dead time correction is always disabled. 
The calibration constant, however, is applied except when the units selected 
are "events". To repeat: when in the scaler mode, the units selected must 
be "events" or a calibration constant will be applied to the output. 


"UNITS" are either events or the selected rate meter units (e.g., mR, REM, CNT). To select 
"UNITS," press "-" until the desired unit is displayed. Then press "+" to accept the unit 
displayed. The display will change to: 


UNITS = [AS SELECTED] 
ALM AT [ALARM SETTING] 


The alarm indicated here is not the rate meter alarm, but is one that sounds if the set value of 
total (integrated) events or selected units is exceeded. Pressing RESET and "+" or "-" 
simultaneously will increase or decrease the total at which the alarm sounds. Press "+." The 
display will read: 


UNITS = [AS SELECTED] 
CNT FOR [COUNT PERIOD] 
The "COUNT PERIOD" can be set by the operator for any interval from 1 second to 4 hours. 
Pressing RESET and "+" or "-" simultaneously will increase or decrease the length of the 
counting period. 
To obtain a total count over a set count period, press "+." The display will read: 


CNT FOR (X:XX:XX)(h:m:s) 
"RESET" TO START 


Press RESET. After one second, the display will read: 


[X:XX:XX] LEFT (h:m:s) 
[TOTAL COUNT SO FAR] 


When the count period has expired, the display will read: 


CNT FOR (X:XX:XX) 
[TOTAL COUNT] 


For another total count, pressing RESET erases the previous count and starts a new counting 
interval. During the count period, the audio alarm will sound if the alarm limit is exceeded. 


When operations or settings in the Scaler Mode have been completed, pressing MODE twice will 
shift the ESP-1 to the Rate Meter Mode. The display will read: 
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ІШІ [BAR GRAPH] 
RATE METER READING 


3. Inquiry/Calibration Mode (all modes enabled, refer to figure 3-4). 


Begin in the Rate Meter Mode. Press the MODE switch. The display will read: 
SCALER MODE? 
+ = USE/- = NO 


Pressing - will place the instrument in the Inquiry/Calibration Mode. The display will read: 


ALM AT [ALARM SETTING] 
RATE METER READING 


The value of alarm setting, "ALM AT," can be increased or decreased as desired, by pressing 
RESET and "+" or "-" simultaneously. This value of alarm setting is in the same units as shown 
on the bottom line of the display, (e.g. mR/h, REM/h,CNT/min). When the desired value of 
"ALM AT" is displayed, press "+." The display will read: 


UNITS = [UNITS SELECTED] 
+ = USE/- = NO 


If the units displayed are acceptable, press "+" to go on to setting parameters (CC). If the 
Operator desires units other than those on the display, press RESET. The display will read: 


BASE [UNIT] 
+ = USE/- = NO 


The selection of the "BASE" units is now possible. Press the "-" switch to reject the unit 
displayed and call for the next choice of units to be displayed. The available radiation units are: 


R roentgen 

ent counts 

Gy gray 

Sv sieverts 

rem roentgen equivalent man 
dis disintegrations 

rad rad 


When the display shows the desired base unit, press "+" to accept it. The display will read: 


SUFFIX [unit time] 
+ = USE/- = NO 


The "SUFFIX" is the unit of time over which the base units are counted. Three are available: 


s second 
min minute 
h hour 


Press the "-" switch to reject the suffix displayed and call the next choice to be displayed. When 
the desired suffix is displayed, press "+" to accept it. The display will read: 
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PREFIX [value] 
+ = USE/- = NO 


The "PREFIX" is the value by which the base unit is multiplied to provide a more convenient 
unit of actual measurement. Four are available: 


(NONE) no prefix 
u micro (x 105) 
m milli (x 10?) 
k kilo (x 10°) 


If the prefix displayed is not the desired value, then press "-" to reject it and call the next choice 
to be displayed. When the desired prefix is displayed, press "+" to select it. The setting of 
radiation units to be measured would now be complete. An example of this would be: 


PREFIX BASE SUFFIX 
m R/ h 
(milli) (roentgen) / (hour) 


The units may be selected in any combination of prefix/base/suffix. Press the "+" switch to select 
the prefix and prepare the instrument for the setting of parameters, (i.e. calibration). Section V, 
"Maintenance," provides nominal values of the following parameters as they apply to the 
particular detector being used. The display will read: 


CC z [numerical value] 
RATE METER READING 


The calibration constant (CC) is the number used to convert the detector count rate to the displayed 
base unit previously selected. Specifically, the displayed rate meter reading is arrived at by dividing 
the counts per second (from the detector) by CC and then scaling the result based on the selected 
prefix and suffix. To increase the value of CC, press RESET and "+" simultaneously. To decrease the 
value of CC press RESET and "-" simultaneously. Keep in mind that increasing or decreasing CC will 
have the inverse affect on the rate meter reading. With the rate meter reading always displayed on 
the bottom line, the changing value of CC and its effect on the reading is immediately noticeable. 
When the desired value of CC is displayed, press "+." The display will read: 


DT (SEC) [numerical value] 
RATE METER READING 


This parameter is the dead time (DT) of the detector, in seconds. It is used to correct for coincidence 
loss from the detector, yielding a more linear response to the radiation field being measured. An extra 
decade of range is possible from most detectors due to the DT correction. Typical values of DT are 
in microseconds (x 10%). To increase the value of DT, press RESET and "«" simultaneously. To 
decrease the value of DT, press RESET and "-" simultaneously. 

NOTE 


For a more detailed explanation on setting "CC" and "DT," as well as nominal values 
for various detectors, refer to section V.A. 


When the desired value of DT is displayed, press "+." The display will read: 
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HV = [numerical value] 
RATE METER READING 


The "НУ" value is the high voltage bias applied to the detector. Adjusting the actual high voltage is 
performed with the internal control potentiometer (labeled "HV"). The external controls, RESET and 
"+" or "-," are to be used only when calibrating the displayed HV readout to match the actual high 
voltage (refer to section V). When properly calibrated, the HV parameter allows for high voltage 
monitoring on the top line of the display and the rate meter reading on the bottom. This is 
particularly useful when running detector plateaus. Pressing "+" will return the display to the "ALM 
AT" parameter. Pressing "-" repeatedly will step the instrument through the parameters in reverse 
order from that shown in the preceding paragraphs. Pressing the MODE switch anytime a parameter 
and a rate meter reading are displayed will revert the instrument to the Rate Meter Mode. 
Summarizing, the ESP-1 provides the following to the operator. 
a. Іп the Rate Meter Mode: 
W Bar graph graphically displaying count rate. 
W Count rate in selected units per unit time. 
B Audible alarm if the rate exceeds the value set. 
b. In Scaler Mode: 
Ш Time remaining in the counting period which was set. 


WB Integrated value and selected units so far in the counting period. 


Ш Ena of counting period, total time, and integrated value in selected units at the end of 
the counting period. 


Ш Audible alarm if set limit on total count is exceeded during the set count period. 
c. Inthe Inquiry/Calibration Mode 

gd Ability to set the rate meter alarm point. 

Ш Enables the selection of units to be used in Rate Meter Mode. 

Ш Аршу to set the CC and DT (calibrate) to the detector being used. 

E" 


Monitor the high voltage applied to the detector. Set the high voltage readout to match 
the actual HV. 


The current rate meter reading is displayed on the bottom line whenever the "ALM АТ," 
"UNITS =," "CC =," "DT," or "HV =" parameters are displayed on the top line. 
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Block Diagram of ESP-1 Operation 


(Scaler and Inquiry /Calibration Modes Disabled) 


Rate Meter Mode Operating 


TURN ON 


RATEMETER 


Ratemeter 
Alarm 


NOTES FOR BLOCK DIAGRAMS 


1. О ог O = Control operation 
2. СзеГ) = Increase or decrease value 
3. СС] = Representative display 


Figure 3-2. Rate Meter Mode 
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Block Diagram of ESP-1 Operation 
. (Inquiry /Calibration Mode Disabled) 


Scaler Mode Operating 


TURN ON 
RATE METER 


SELECT 


RATE METER 
ALARM 


SCALER 
ALARM 


RESET 


COUNT FOR 
TOTAL COUNT 
NEW 
COUNT 


Figure 3-3. Scaler Mode 
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Block Diagram of ESP-1 Operation 
Inquiry /Calibration Mode 


TURN ON 


RATE METER 
MODE 


SCALER MODE 
+ = USE/- = МО 


INQUIRY/CALIBRATION MODE 


SCALER MODE 
RATE METER ALARM 


SET 


SELECT 


READING TO MATCH 
ACTUAL HIGH VOLTAGE 


Figure 3-4. Inquiry/Calibration Mode 
3-12 
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MODEL ESP-1 


SECTION IV. THEORY OF OPERATION 


A. GENERAL 


The ESP-1 employs current technology to provide to the user a compact instrument that can be used 
to measure several kinds of radiation as detected by different detectors. In addition, the ESP-1 is 
portable and will operate for over 250 hours before battery replacement becomes necessary. The 
instrument's most important function is the delivery of accurate information to the operator efficiently 


and rapidly. 


B. FUNCTIONAL THEORY 


The ESP-1 consists of six functional sections as detailed below (see figures 7-1, 7-2, 7-3). 


1. 


Detector 


The detector connected to the ESP-1 is selected to optimize its output for the radiation of 
interest, It provides the pulse signal to the electronics for counting. The pulse rate from the 
detector is proportional to the radiation-field intensity at the detector. 


High-Voltage Supply 


The high-voltage supply provides the bias voltage to the detector as required for proper 
operation. The high voltage is adjustable to provide the correct operating voltages for a large 
selection of detectors and regulated to enhance operating stability. 


Amplifier/Discriminator 

\ 
The amplifier is a linear, fixed-gain, multistage design. It amplifies the signal from the probe 
to a usable level at the amplifier output. The discriminator provides a signal on its output only 
if the signal from the amplifier exceeds its adjustable threshold. This, in turn, provides a means 
for counting only the radiation signals and to reject any noise and/or unwanted signals. 


Speaker/Alarm 


The speaker/alarm section provides an audible "click rate" from the speaker, which is 
proportional to the output of the amplifier/discriminator. This rate can be scaled down to 
enhance the usefulness of the speaker when high-count rate (very sensitive) detectors are 
employed. When the alarm is activated, the speaker emits a continuous 2000-Hz tone. 


Microcomputer 


The microcomputer is an eight-bit device programmed to function as the interface between the 
ESP-1 operator and the information provided by the radiation detector (probe). Its program logic 
and speed of execution allow the ESP-1 to be extremely versatile by applying mathematical 
functions and logic to its input signals and displaying the results to the operator in an 
understandable format. 
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6. 


Low-Voltage Supply 


The low-voltage supply regulates and provides the control point for the operating voltage for the 
ESP-1 electronics. 


C. OPERATIONAL THEORY 


For the discussion that follows, please refer to Figures 7-1 through 7-12, 


1. 


Low-Voltage Power Supply 


Power is supplicd to the ESP-1 electronics by six C-type batteries and regulated to 5.0 volts with 
A101. The battery output limits are 9 volts for new batteries down to approximately 5.6 volts 
for "dead" batteries. The lower limit is set by the voltage differential between the input and 
output of A101 and enables A101 to maintain voltage regulation. 


Computer voltage (Vc) is always applied to the computer to maintain its random-access memory 
(RAM). With the ESP-1 off, battery drain consists of the normal leakage current of CMOS, 
typically less than 50 microamperes. During a battery change, capacitor C1 (0.047 F) provides 
power for RAM for about 20 minutes (instrument off). This power maintains all the operating 
parameters at the values entered during calibration. 


Pressing the ON/OFF keypad causes the microcomputer to initialize the program at BEGIN 
(figure 7-8). 


If the ESP-1 is operating when the keypad is pressed, it sets "PWR ON" to A1, HI (45 V), 
turning off the low voltage (Q101, Q102, Q103) to all electronics except the microcomputer and 
its program access (A1, A2, A3). 


If the ESP-1 is off when the ON/OFF keypad is pressed, it sets "PWR ON" low (0.0 volts) 
turning Q101 on. This supplies the operating voltage (+V) to the amplifier, high-voltage control, 
display, and speaker circuitry. It also switches on the battery voltage (Vga) to the HV oscillator 
and battery sense via 0102 and Q103. (АП circuits are now energized.) 


Integrated circuit A11 converts +V to a negative voltage to provide a bias voltage (V,) to the 
display (LCD). Adjustment of V, allows the operator to optimize the viewing angle of the 
display. 


Battery condition is monitored by one of the comparators in A103. Pin 15 is connected to the 
regulated reference (amplifier "bias"). When the voltage at pin 14 falls below this reference, the 
output (pin 16) goes low. This voltage transition is input to the microcomputer, causing it to 
initiate blinking of the first character on the LCD. The blinking indicates a low battery condition 
to the operator. This switch point occurs when the battery output is approximately 5.8 volts and 
allows the instrument to operate properly for about another four hours or until the battery voltage 
reaches its minimum. 


Pressing the LIGHT keypad lights the LCD via Q1 and DS1. Diodes CR2 and CR3 set Q1 and 
R3 as a current source that maintains a constant drain on the batteries and prolongs lamp life. 
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High-Voltage Power Supply 


High voltage is obtained by stepping up (T1) the voltage of the oscillator, (Q10), rectifying it 
(CR10) and filtering the output (C12, C13, R11). High voltage is regulated by feeding back the 
output to control the oscillator. At tum on, Q103 is on, causing Q10 to turn on. Current flow 
through T1 (pins 2, 3) feeds back via T1 (pins 4, 5), turning off (blocking) Q10. With Q10 off, 
blocking stops and Q10 turns on. This is a blocking oscillator, the frequency of which is limited 
by C16-R10, maintaining best efficiency of ΤΙ. : 


The high-voltage output is fed back via resistive divider R12 to a voltage follower (A102, pin 
3). This stage, with a high input impedance, allows R12 to be large, presenting a minimal 
current load for the supply. The output of the voltage follower is then proportional to the 
high-voltage output. Because the input impedance to this stage is high, CR104, R113, and C114 
provide filtering to reduce noise interference. 

The filtered high voltage sample is input to a comparator (A102, pin 15) that is referenced to 
the high voltage adjusting potentiometer, R17. When the sample (pin 15) exceeds the reference 
(pin 14), the output at pin 16 goes low, turning off Q103, which tums off the oscillator, reducing 
high voltage. As the sample decreases to less than the reference, pin 16 goes high, tuming Q103 
on. The oscillator then runs to increase the high voltage. In this way, the high voltage is 


` regulated to a value set by the HV adjusting potentiometer, R17. 


The filtered output of the high voltage sample is also applied to pin 5 of А102. This stage is 
connected with Q104 to achieve a voltage-to-current conversion, with current through R114 
proportional to high voltage. Current-to-frequency conversion is performed by the voltage 
comparator A102, pins 11, 12, and 10. The output at pin 10 is a frequency (Fuy) that is 
proportional to high voltage. This frequency is input to the.microcomputer, which can then 
convert Ену to a digital value and display it as high voltage. 


Amplifier/Discriminator 


Transistor Q106 and the amplifier section of A103 form a dc-coupled linear amplifier. The gain 
of this amplifier is set by R126 and the output impedance of the preamplifier, Q106, along with 
R127-R128 and the gain of the preamplifier stage. Feedback via R141 provides dc stability. The 
dc bias is set by R131-A132 to half of +V (2.5 volts) for a linear swing of signal on the 
amplifier outputs. Input protection is provided by CR103-R 122, which gives а charge path for 
input capacitor C11 when high voltage is shorted. 


The amplifier output signal is coupled to the discriminator (A103, pin 12) with capacitor C110. 
An output (A103, pin 10) occurs when the amplitude of the signal (pulse) exceeds the reference 
(A103, pin 11) set by the discriminator potentiometer, R16. 


The discriminator output is divided by 2 (A105), yielding a binary input for the microcomputer. 
The microcomputer counts the binary transitions and calculates and displays the result as either 
rate or integrated value for the operator. 


Speaker 


Pulses that cause an output from the discriminator are input to the speaker control either directly 
or counted down for slower audible rate. In either case, the rate from the speaker is proportional 
to the radiation level at the detector (probe). The speaker is enabled.or disabled by the 
microcomputer when the operator presses the SPKR keypad. The d is enabled when 
"SPKR" is low (0 volt). 
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One-half of А104 is interconnected as a monostable multivibrator (TRIGGER). The Output pulse 
(TRIGGER) width is set by R136-C112 time constant. The other half of A104 is configured as 
an oscillator. It is running while the trigger output (pin 11) is low, driving the speaker via Q11 
and Q12. The input signal to the trigger is differentiated by C111-R135 to prevent excessive 
trigger pulse widths. А 


The alarm is activated by "ALM" and "SPKR" set low (0 volts) by the microcomputer. This sets 
the trigger output low (pin 11), turning on the oscillator frequency to the speaker. 


| "ALM" low also activates the auxiliary alarm ("A") providing an active low output for extemal 


indication (250 mA, 20 Vdc maximum). 
Keyboard 


The switch poles are etched on the PC board. Contact between the poles is made by a 
conductive pad cast into each keypad. Pressing a keypad effectively short-circuits the poles. 


The ON/OFF keypad pulls the "RST" (pin 9) of the microcomputer high. This causes the 
computer to reset itself and begin running its program at the program beginning (see figure 7-8). 
The LIGHT keypad causes DS1 to tum on via Οἱ, lighting the display. 


All other keypads are inputs to the microcomputer via its input/output (I/O) port P1, which is 
configured as an input port under program control. These inputs are normally high. Pressing a 
keypad pulls the corresponding port input low. 


The program running in the microcomputer performs the contact debounce, determines the 
switch(es) pressed, and logically performs the task(s) associated with the keyboard condition. 


Microcomputer 


Simply stated, a computer must have provisions for moving data in and out (I/O), a logical 
means of handling and saving data (memory), and logical elements to control I/O and memory 
(central processing unit, CPU). To perform any task, the CPU must execute a series of logical 
steps (program), which is contained in read-only memory (ROM). Memory used to save data 
written to or read from it is random-access memory (RAM). The RAM contains the 
parameters(variables), logic flags, data, scratch pads, etc., used by the program. 


a. Inputs: 


(1) Keyboard inputs are the operator's input to the computer. Under program control, the 
inputs cause the task associated with the keypad(s) to be performed (see section III). 


(2) Mask (S11) switch inputs are used to signal (flag) the program to perform certain tasks 
differently or omit them completely (sce section Ш). 


(3) FHV is a frequency, the rate of which is proportional to the high voltage applied to the 
detector (probe). When the program is displaying high voltage (HV) to the user, it converts 
this frequency input to its HV equivalent. 


(4) LO BATT (low battery) input (normally high) switches low when the low-battery 
condition is sensed (sce "Low Voltage,” section IV.4.C. D. This causes the program to blink 
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the first character on the display at each display update (output), warning the operator of 
the low-battery condition. 


(5) CNT (count) input is a signal the rate of which is proportional to the radiation intensity 
at the detector. The rate is calculated by the program (counts/time). The calibration constant 
(CC) and correction factor (CF [based on detector dead time]) result in a value in radiation 
units as calibrated. The length of the bar graph is also calculated. The results are then 
Output to the display for the operator. 


Outputs: 


(1) "PWR ON" (power on, active low) is output under program control to turn the power 
to the instrument on or off (see "Low Voltage Supply," section IV.C.1). 


(2) "SPKR" (speaker on, active low) is output under program control when the SPKR 
keypad is pressed. The output is complemented at each press of the keypad. This results in 
a push-on/push-off action of the SPKR keypad (see "Speaker," section IV.C.4). 


(3) "ALM" (alarm output, active low) is output activated when the program has sensed that 
the calculated reading has exceeded the value input by the operator for "ALM AT" (alarm 
setting). "SPKR" output is also activated to turn the speaker on (see "Speaker," section 
IV.CA). 


(4) The display is a liquid crystal (LCD) 5 x 7 dot matrix character, 2 lines of 16 characters 
per line. This allows the full alphanumeric ASCII character set as well as the special 
characters used to display the analog bar graph. The LCD is a "smart" display in that it is 
supported by its own microprocessor and program, thus relieving the computer of this 
processing load. 


The computer outputs to the LCD command instructions and data to be displayed, based 
on the tasks being performed. These data/commands are passed to the display via the 8-bit 
address-data bus (Al, port PO). A command (instruction) is differentiated from data 
(character-to-display) by address line 14 (Al, pin 27), high equals command. The 
command/data are accepted by the LCD when "WR" (ΑΙ, pin 16) is low simultaneously 
with address line 15 (A1, pin 28) being low. This yields an address of 8000H for data and 
ОСОООН for commands. 


The LCD requires its "E" (enable, pin 6) to be strobed 0.14 microseconds (minimum) after 
data and addresses are stable. The quad NOR gate, (A4) and R-C time constants provided 
by R2-C6 and КІ-С5 accomplish this. 

The viewing angle of the display may be changed by varying the V, input (pin 3). 

The display is not considered to be field repairable. 

Memory and CPU: 

АП RAM registers and timers are contained within the microcomputer chip and are not 


available to be observed. Their functions are solely to control the program (i.e., program 
counter and stack pointer) or for use by the program to perform its tasks (RAM and ALU). 
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Port PO, Al, is the address-data bus. It is bidirectional (input and output). Port P2, A1, 
ошрш the upper eight bits of the address. On a typical program step: 


(1) The address (program counter) is output at PO (low byte) and P2 (high byte). 
(2) ALE (address latch enable) is asserted and latches the address low byte in АЗ. 


(3) PSEN (program store enable) is asserted, enabling the addressed byte to be input to the 
computer via PO, 


(4) The program step is executed. 


The program is stored in A2. On later versions of the ESP-1, the program is contained 
within the microcomputer chip, which eliminates A2 and A3. 
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MODEL Е$Р-1 


SECTION V. MAINTENANCE 


A. CALIBRATION 


1. 


General 


The ESP-1 is an extremely versatile instrument. It is usable with a wide variety of detectors and 
can be calibrated in a large variety of radiation units. The end result of the calibration process 


. is the reading provided by the instrument. The accuracy of that reading depends on the accuracy 


achieved in the calibration process. 

Properly set up and calibrated, the instrument is inherently linear and accurate because of its 
microcomputer-based design. The only real limitation is the detector and its application in a 
particular measurement. For detector application information, see section VIII. 


The calibration procedure should include testing for instrument/detector quality (plateau) as well 
as adjusting the reading to the radiation field at the detector. A recommended procedure follows: 


NOTE 
To change the parameters that calibrate the ESP-1, the 
inquiry/calibration mask switch must be on (enabled). 
(Lower "mask" switch to the left, figure 3-1). 


High Voltage 


High-voltage readout is via an analog-to-digital conversion (ref: "Theory of Operation," section 
IV). The readout must be calibrated to equal the actual high voltage. Connect a voltmeter to the 


* detector connector. The input impedance of the voltmeter must be 1000 ΜΩ or greater. Adjust 


the HV control for 900 V. Select the "HV" parameter using the keypads. Hold RESET and "+" 
or RESET and "-" until the readout is 9.00 + 02 (900 V). 


Instrument/Detector Quality 


The overall gain of the instrument is adjustable with the detector bias (high voltage) and the 
discriminator setting. The gain should be adjusted for the maximum detector efficiency that also 
provides the best stability for the measurement. 


The discriminator setting (threshold input sensitivity) is set according to the detector type to be 
used and may be set by either of the following methods. The pulse generator method is 
preferred. ` 


a. Pulse Generator (Eberline MP-1 or MP-2 recommended) 


Connect a pulse generator with a calibrated pulse amplitude output to the ESP-1 detector 
connector Set the ESP-1 input sensitivity as recommended by adjusting the D 
(discriminator) control until the instrument is just reading the pulse generator (see figure 
3-2). А 
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Voltmeter (20k ohms/volt minimum) 


Measure the voltage on TEST connector, pin 11A, (see figure 3-2). Adjust the D 
(discriminator) control for a voltmeter reading corresponding to the proper input sensitivity 
referenced in Table 1. 


WARNING 
The high voltage should be set to the "nominal operating 


voltage” or less before connecting the detector to the 
ESP-1, to prevent damage to the detector. Check the high 


voltage by selecting the "HV =" parameter on the 
display, Make sure high voltage calibration has been 
performed. 

Input Vthid* 

Sensitivity (volts) 

(mV) 

0.5 0.071 

0.75 0.107 

1.0 0.143 

2.0 0.286 

5.0 0.715 

10.0 1.43 

15.0 2.15 


*Test connector, pin 11A (see figure 3-2). 
Table 1. Input Sensitivity vs. "thld 


Connect the detector to the ESP-1. With the discriminator properly set, the plateau curve 
can be plotted. This is the only data that can truly verify that the detector and instrument 
are operating properly and, with the possible exception of G-M detectors, should be plotted 
anytime a detector is changed or repaired. 


The bias (high voltage) operating point for a G-M detector is fixed by its physical 
properties (і.е., size, counting gas, anode size, and fill pressure). Therefore, a check of its 
Sensitivity or efficiency may preclude the plateau. It should be within +20 percent of 
specified sensitivity at the specified operating voltage (see section VIII). 


То plot the plateau (figure 5-1): 


(1) Select the "HV=" parameter on the display (inquiry/calibration mode). The second line 
of the display shows the current average rate from the detector. 


(2) Adjust the НУ control for a low reading from the detector. Record the reading and the 
high voltage. 


(3) Increase HV in steps of 50 volts, recording the high voltage reading at each step. Allow 


enough time at each step for the reading to stabilize. 
(4) Select the operating high voltage and adjust the HV control accordingly. 
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HIGH VOLTAGE SET 
POINT MIDWAY ON 


0.8 0.9 1.0 1.1 
HIGH VOLTAGE (x 1000) 


Figure 5-1. Typical Detector Plateau 
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4. 


Rate Meter Calibration 


For clarity, a brief overview of the readout determination follows: 


a. 


The average count rate is calculated each one-half second. This average is maintained in 
counts per second (cps) and is the basic unit for all readout displays. This average is also 
corrected for detector dead time (parameter DT). 


The average (AVG) is divided by the calibration constant (parameter CC) (see table 3) and 
the proper factors, (units, prefix and suffix) are applied, converting the cps to the radiation 
units selected. This is performed and displayed every 2.0 seconds. 


The calibration is performed by adjusting the CC and DT values so that the rate meter 
reading agrees with the radiation intensity at the detector. 


Note that the dead time correction is applied to the average before CC. At lower count 
rates, this correction is insignificant. 


Refer to the table for the following: 


(1) Set the instrument to Inquiry/Calibration Mode (discussed in section Ш.С.). 


(2) Set the high voltage and input sensitivity to suggested values for detector being 
calibrated. 


(3) Set "CC=" and "DT" equal to nominal values for detector being used. (Refer to detailed 
operation, section IILc. , if necessary.) 


(4) Select the "CC=" parameter. The current rate meter reading is always displayed on the 
bottom line of the LCD (this applies to all parameters, DT, HV,etc.). 


(5) Expose the detector to the radiation field indicated under "set CC at" and adjust "CC=" 
until the "rate meter reading" matches the field strength. Note that increasing the value of 
"СС" will decrease the "rate meter reading" and decreasing "CC" will increase the "rate 
meter reading." See table 3. 


(6) Select the "DT (SEC)" parameter. Expose the detector to the field indicated under "set 
DT at" and adjust "DT" until the "rate meter reading" matches the field strength. 


(7) Recheck the reading taken in step 5. If not in agreement, repeat steps 5 and 6 until both 
readings are correct without having to vary the "CC" and "DT" parameters. 
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DETECTOR HIGH INPUT NOMINAL-VALUES***** ALIBRATION FIELDS 
MODEL VOLTAGE SENSITIVITY | UNITS "СС=" "DT(SEC)" SET "СС" AT: БЕТ "DT" AT: 
AC-3-7 1000V** 10тУ cpm 2,80-01*** 1.20-05 30K cpm 2.5M cpm 
AC-3-8 1000V** 10 mV cpm 1.80-01*** 1.20-05 30K срт 2.5M cpm 
HP-100A 1550V** 1.75 mV cpm week ers **s*.. reas 
HP-210,260 900У 10 тУ cpm 1.00+00* 7.50-05 72K cpm 2700K cpm 
(520 тЕЉ («150 тК АҢ 
HP-190A 900V 10 mV cpm 1.00+00* 3.00-04 50K cpm 500К cpm 
(«20 тЕЛЖ («200 mR/t y 
НР-220А 550У 10 mV R/h 1.55+06 7.60-05 500 mR/h 200 Rh 
HP-270 900У 10 mV пЕЉ 7.00+07 1.20-04 20 mRAh 1.0 Rh 
HP-290 550V 10 mV R/h 5.00406 2.00-05 500 mR/h 25 Rh 
HP-230A 900У 10 mV cpm 1.00+00* 1.67-04 60К срт 1800К срт 
(20 mR — («600 RAM] 
LEG-1, PG-2 1000V** 10mV cpm 1.00400 1.20-05 50K cpm 3000K cpm 
NRD 1850V**** 2mV mREM/h 3.00406 1.00-05 27 mREMA fixed value 
(51200 срт) 
SAC-RS 800V** 10 mV cpm sah **s**** sss... sess. 
SPA-1A 650V** 10 mV dpm 5.00-01*** 1.00-05 10K cpm fixed value 
SPA-3 1000У%% 10mV cpm 1.00400 1.40-05 700K cpm 3000K cpm 
SPA-6 1000V** 10 mV cpm 1.00400 1.20-05 50К cpm 3000K cpm 
SPA-8 700У%% 10 mV cpm 1.00+00 3.50-05 fixed value 7.5 mR/h 
(51.0 x 10 cpm) 
SPA-9 1000V** 10 mV cpm 1.00+00 1.85-05 fixed value 5.0 mR/h 
(=2.5 x 105 cpm) 
WAM-4 1000У%% 8mV dps 176-01 1.30-05 30K cpm fixed value 
RCM-1 1200V** 5шУ dps 2.80-01 130-05 60K cpm fixed value 


*These are the values to be used when the instrument is set up to read in units of срт. Other values must be used for "CC" if you wish to set 
your instrument to read in 2x cpm or ἀπ dpm alpha or beta efficiency. 


** Detector high voltage should be set after running detector platcau. 


***Set to the efficiency value determined from plateau (e.g., if 31 percent efficient, then CC = 3.10-01). If calibration is to true detector counts, 
"CC" should be set to 1.00 after "DT" adjustment has been performed. 


**** HV setting depends on gamma rejection point. Determine by placing NRD in 10 R/h gamma field (or desired gamma field to be rejected) 
and adjust НУ for approximately 50 cpm. Reduce НУ by 50 V and verify no counts in the 10 R/h field. The НУ set point is now established, 
and should not exceed 2200 V. 

*****These nominal values may be used to set up the instrument; (1) if the calibration sheet (which has the exact values) for the instrument with 
the specific detector is not available; or (2) if the user wishes to use a detector which was not purchased with the instrument. Please note that the 
use of nominal values constitutes a generic rather than a specific calibration and, therefore, will be less accurate as compared to using values from 
the calibration sheet, E 

The instrument is operated in the scaler mode, counts/min. The CC is set to 1.00+00 and the DT is set to 1.00-06 (fixed values). 

W Approximate values in mR/h are based on Cs-137 photons. 


Figure 5-2 Suggested Calibration Levels for ESP-1, 11292-A36C 
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(8) At this point no further adjustment is necessary. А few linearity readings at fields in 
between the "СС" and "DT" settings would be an added verification of correct 
detector/instrument operation. Increasing the radiation field above the "DT" set point, will 
eventually cause an over-range alarm. This is useful in determining the ° upper range limit 
of that particular detector and instrument combination. 


NOTE 


The instrument may be rough calibrated by adjusting to 
nominal values in table. For detectors for which nominal 
values are not specified, the user may determine his own 
nominal values for ease and/or speed of the calibration 
process. 


B. PREVENTIVE MAINTENANCE 
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1. 


Periodic Maintenance 


Because of the simplicity of the ESP-1, periodic maintenance is neither time consuming nor 
overly frequent. 


a. 


b. 


Install fresh batteries at least once per year. 


Remove the bottom cover and the side access and blow out the inside with clean, dry, 
low-pressure air once a year. 


Keep the outside of the case clean. 


Open the bottom and side accesses only when calibration, maintenance, or battery change 
are necessary. 


Battery Replacement 


a. 


Tum the instrument off. If the ESP-1 is placed face down, exercise caution with the push 
buttons to prevent accidentally turning the instrument on. Approximately 20 minutes are 
available for battery change with the ESP-1 turned off. 

Remove the large screw in the bottom cover. 

Remove the bottom cover. 


Dispose of the expended batteries. 


CAUTION 


Many of Eberline's instruments contain alkaline, carbon, lead, nickel-cadmium or 
lithium batteries. All batteries contain small amounts of heavy metals and other 
hazardous materials and must be handled and disposed of properly. Lithium batteries 
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present the following hazards; fire, explosion or severe burn risk. Do not expose the 
cell contents to water. Recharge only batteries specifically designated as rechargeable 
and follow the manufacturers recommendations on recharging. Do not puncture, 
mutilate, or attempt to disassemble, incinerate, or heat above 100°C (212?F). Eberline 
recommends that all batteries be recycled at appropriate licensed recycling centers or 
disposed of as required by local ordinances and regulations. 


e. [Install six fresh "C" cell batteries, observing polarity as shown in the battery compartment 
(figure 5-2). : 


f. Reinstall the bottom cover and secure it with the screw. 
3. Right-Side Access 


a. To open, tum the fastener in the center of the access cover counterclockwise and pull 
straight out. 


b. To close, press the cover into the opening and turn the fastener about one-half turn 
clockwise. 


C. CORRECTIVE MAINTENANCE 


1. Disassembly/Assembly 
WARNING 


When starting screws, exercise carc. Use screw holders 
and other proper tools. Don't overtighten! 


Use care to minimize the tension on the ribbon cables connecting the PC boards and the display. 
The cables are short and can be damaged. 


а. Removal of PC Boards: 
NOTE 
For proper orientation, the front is the end with the MHV 
connector. The lower PC board is the board closest to the 
bottom cover and the upper PC board is closest to the 


keypad and display. 


(1) Rest the ESP-1 on its top, exercising caution to prevent operation of the push-button 
Switches. 


(2) Remove the bottom cover and the batteries. 


(3) Remove the nut and lockwasher that hold the coaxial connector at the front of the 
instrument, 
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(4) Remove the lower-board mounting screws (опе а at'each comer, one in the center of the 
opposite end near speaker). i 


(5) Remove the screws on either side of the speaker (in the semicircular retainer). * 


(6) Lift the front edge of the lower PC board and simultancously push the coaxial connector 
into the instrument case. 


(7) Fold the lower PC board over the μόν compartment, 
(8) Remove the side access cover, 
(9) Unscrew the two screws at the corners of the upper PC board. 


(10) Lift the upper board and move it toward the battery compartment. The speaker will 


come up out of its mounting and the retainer/spacer will be freed from its position. Set the 
retainer/spacer aside. 


(11) Step 10 pulls the upper and lower boards clear of the display assembly, which is 


secured by the four large screws at the corners. Loosen these screws completely. 


(12) Carefully lift the PC board set. The display assembly will come out of its position. 
Take the screws out of the Lucite mounting. 


(13) The light leads extend from the button contact board to the Lucite mounting. Be 
careful not to break these leads. 


(14) To remove the board complex completely from the case, unsolder the battery leads 
from the lower board. 


(15) To remove the speaker, unsolder the speaker leads`from the lower board. 
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b. 


Reinstallation of PC boards: 

(1) Insert the four screws into the comer holes of the Lucite display mounting so that it 
holds the keypad board in place and so that the screws in the Lucite line up with the 
threaded holes in the case. Tighten the screws. 

(2) Position the upper PC board, component side up, so that the holes in the board line up 
with the threaded holes in the corners of the instrument case. Insert the screws and screw 
them down loosely. 

(3) Holding up the lower board, position the speaker in its mounting. 

(4) Pulling up carefully on the lower board, raise the forward edge of the upper board 
enough to allow the speaker retainer's channel-shaped support for the upper board to be 
positioned so that the board is in the channel. The holes in the speaker retainer should be 
lined up with the threaded holes in the case. 


(5) Making sure that the speaker leads are not pinched under the retainer, screw the retainer 
in tight. 


(6) Tighten the two screws on the upper board. 
(7) Guide the coaxial-connector lead through the cutout at the rear of the lower board. 


(8) Insert the coaxial connector through the opening in the front of the case and guide the 
lower board into position. 


(9) The hole in the center (rear edge) of the lower board should line up with the threaded 
hole in the speaker retainer. 


(10) Insert the screw and turn it down loosely. 

(11) Insert the screws to hold each corner of the upper board. 

(12) Tighten the mounting screws on the lower PC board. 

(13) Install the lockwasher and nut on the coaxial connector and tighten nut. 


(14) If the speaker was removed, solder the speaker leads to the points on either end of the 
label SPK on the lower circuit board. 


(15) If the battery leads were unsoldered, solder the red lead to the + point and the black 
lead to the point on the lower circuit board. 


(16) Install the side access cover. 
(17) Install the batteries, noting polarity. 


(18) Install the bottom cover. 
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Troubleshooting 


The ESP-1 uses the latest state-of-the-art components and circuitry available at the time of its 
design. Eberline's experience using similar components has shown them to be very reliable and 
trouble free. Realizing that failures and problems will occur, this section is intended to assist the 
technician with the task of repair. 


Eberline provides a repair and calibration service at two locations in the United States and one 
in England for the European market. Contact Eberline for details (see front of manual). 


To hold downtime to the minimum possible, users might consider changing the entire 
printed-circuit-board set. By maintaining a spare board set and exchanging the board set when 
a failure occurs, downtime (including recalibration) can probably be limited to less than one 
hour. The inoperative board(s) can then be repaired in-house or by Eberline without taking the 
ESP-1 out of service for lengthy periods of time. 


NOTE 


Always recalibrate after repair. 
a. General Procedure 


A thorough understanding of the ESP-1 circuitry and program operation is necessary before 
any field repairs are attempted. For component problems, review section IV, "Theory of 
Operation" and the schematic and logic drawings, section V. For problems related to 
operation, review section III "Detailed Operation" and the logic flow charts, section VII. 

The incorporation of a microcomputer in the ESP-1 does not change the general approach 
to trouble-shooting and repair. In short, the problem must be defined, the trouble isolated, 
and the defect identified. Only then can effective repair be accomplished. 

The circuitry used in the ESP-1 employs CMOS technology. These CMOS devices are 
sensitive to electrostatic discharge. To prevent damage, they should be properly grounded 
before and during handling. 


Generally, problems can be defined in one of two categories. These would be a 
nonfunctioning microcomputer or a nonfunctioning counter. 


NOTE 


"Counter" refers to the pulse amplifier, low-voltage 
circuits, and high-voltage circuits. 


A nonfunctioning microcomputer can be recognized by: 
M No information on the display. 
Ш Erratic display information. 


ГА 
Ш Unidentifiable/wrong characters on the display. 
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A nonfunctioning counter can be recognized by: М ' 
B Rate meter readout too low. 

B Rate meter readout too high. 

Ш Readout not statistical (erratic). 


The first step in determining any problem should be the condition of the batteries. If battery life 
is shorter than specified, tum the ESP-1 OFF and check the drain on the batteries by inserting 
an ammeter in series with the "+" lead from the battery. The current should be less than 50 pA. 
With the ESP-1 turned ON, this drain should be less than 25 mA (with no alarm). 


If the drain is too high in either condition, isolate the faulty component and replace it. 
Remember to look for leaky capacitors, but only as a last resort. 


The second step is to check all voltages. Use table 4. The test connector (board edge) is reached 
through the side access door. Viewed through the access door, pin 1 is toward the board center, 
side A is on top of the board, and side B on the bottom (component side) of the board. (Refer 
to figure 3-1.) 


TEST 

CONNECTOR 

(FIG. 3-1) DESIGNATION LIMITS DESCRIPTION 

10B Va +6 to +10 V Battery voltage 

12B Ve +4.99 to +5.01 Y Regulated low voltage 

9B +V +4.85 to 45.0 V Switched Ve 

11B Van 45910 +10 У Switched Vg 

9A V, Ою -1.5 V Display viewing angle bias 
12A GND -- Reference 


Table 4. Check Voltages 


Any voltage not meeting the limits set establishes a reason for repair before proceeding. See 
"Repairing the Low-Voltage Supply". 


b. Nonfunctioning Microcomputer 


(1) Check the TEST switch (S1). Both switch arms should be set toward the PC board. To 
reinitialize the computer: 


(a) Remove the batteries (at least 1). 


(b) Short C1 (0.047 F capacitor). This can be reached through the side access door. 
(Sce figure 3-1.) Allow 10 seconds. 


(c) Reinstall batteries. 
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NOTE ә 
Reinitializing the computer геѕеіѕ all parameters 
including high-voltage calibration. Complete recalibration 
should be performed before putting the instrument back 
into service. 
(2) Remove batteries and lower (amplifier/HV) board to expose the microcomputer board. 
Check all the integrated circuits (ICs) for proper seating in their sockets. If a loose IC is 
found, replace the batteries and repeat step 1 above. If the problem persists, proceed to step 
3. 
(3) This leaves the following possibilities: 
(a) Shorted keypad switch or test connector. 
(b) CRI open. 
(c) C2 shorted. 
(d) Al or ХІ inoperative. 
(e) А2 inoperative. 
(f) A3 inoperative, 
(g) A4 inoperative. 
(h) Display not operating. 
(i) Damaged PC board or ribbon cable(s). 


c. Nonfunctioning Counter 


A nonfunctioning counter usually results because either the counter has failed or the counter 
is noisy. 


NOTE 
The instrument must be turned OFF and back ON to reset an 
"OVERRANGE" condition. An "OVERRANGE" indication could 


be caused by an incorrect "DT" setting for the detector in use. 


In either case, first determine that the condition is not caused by the detector or cable. The best 
way to do this is to connect a known good detector and cable and then check the operation. 


Next, remove the lower board so its components arc exposed. Visually inspect for loose and/or 
poorly seated components, broken wires, broken components, etc. 
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If the counter has failed, check: 


(1) High voltage at the detector connector. Use a voltmeter with 1000 МО or greater input 
impedance. The voltage should be set for the detector being used. If not correct, see 
"Repairing the High Voltage Supply," section V.C.2.d. before proceeding. 
(2) Amplifier output at pin 7 of A103 using an oscilloscope with an Eberline MP-2 (or 
MP-1) connected to the detector connector. Set the pulser to 15 mV and 40k counts per 
minute. 
The positive pulse on the scope should be 2.0 volts or greater. If good, go to step 3 below. 
If bad, the probable causes are: 

(a) A103 inoperative. 

(b) Q106 inoperative. 

(c) CR103 shorted. 

(d) C11 defective. 
(3) Discriminator output at pin 10 of A103 using the scope (MP-2 still connected and set 
as in step 2 above). This should be a positive square pulse of 4.0 volts or greater. If good, 
go to step 4 below. 
If bad, the probable causes are: 

(a) A103 inoperative. 

(b) DISCR control (R16) defective. 

(c) A105 inoperative. 
(4) Binary output at pin 9 of A105 using the scope (MP-2 still connected and set as in step 
2 above). This signal should change state at the rate of the MP-2 and switch between 
ground and 4.0 volts or greater. 
If the signal is not present, A105 is bad. If the signal is present, move the scope to pin 14 
of A1 (microcomputer chip). The signal should be as above. If it is, A1 is bad. If not, check 
for broken wire in the ribbon jumper between boards, for damaged PC board, or bad 
contact at A1, pin 14. 
If the counter is noisy, the most common causes of counter noise are: 


(a) High voltage too high. 


(b) Loose or bad ground connections. 
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(c) High voltage breakdown. 

(d) Input sensitivity (discriminator set too sensitive). 

(e) Noisy low voltage supply. 
Loose or bad ground connections are best detected by visual inspection. Check for: 

(f) Damaged PC board. 

(g) Broken wire(s) in ribbon cables. 

(h) ΤΙ frame is not properly grounded. 
If the high voltage is too high, try readjusting it (HV control). If it will adjust and control, 
then check with the detector to prove the fix. If the high voltage does not adjust and/or 


control, go to "Repairing the High Voltage Supply," section V.C.2.d. 


Breakdown or arcing of the high voltage is normally caused by a dirty PC board, damaged 
component, or dirty/bad detector connector. 


Input sensitivity can easily be checked using an Eberline MP-2. Check it with reference to 
the table in section IV for the detector being used. If the input sensitivity is too high, reset 
it to the proper value and check instrument operation. If it is still noisy, proceed. 


Check the low voltage (V., +V) using a scope. The ac component should be less than 10 
mV. If not, the probable causes are: 


(i) А101 inoperative (if noise is on V,). 
(D ALI inoperative. 
(k) 0101 defective. 
() Leaky filter capacitors. 
d. Repairing the High Voltage Supply 
NOTE 
All measurements of the high voltage require a voltmeter of 1000 
МО or greater input impedance. Use an electrostatic voltmeter or 
a special high voltage arrangement such as a Fluke model 8020A 


with 80k-40 high voltage probe. 


It is normal that the high voltage will fluctuate around the control point (+ 5 percent). Adjust 
the high voltage by using the INTERNAL НУ control on the PC board. 
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(0 


(2) 


(3) 


(4) 


No high voltage. Probable causes: 

(a) Q10 and/or ТІ defective. 

(b) 0103 defective. 

(c) A102 inoperative. 

(d) CRIO defective. 

(e) С17 defective. I 

(f) HV control (R17) defective. 

High voltage too high. Probable causes: 
(a) A102 inoperative. 

(b) 0103 defective. 

(c) C17 defective. 

(d) R12 defective. 

No HV output (computer does not display high voltage). 
(a) A102 inoperative. 

(b) Q104 defective. 

(c) 0105 defective. 

(d) Broken wire in ribbon cable. 

(e) Damaged PC board. | 

(D Bad connection Al pin 12 to socket. 


(g) Al inoperative. 


Fluctuating high voltage (see note above). Probable causes: 


(а) СК104 defective. 
(b) А102 inoperativc. 


(c) К12 defective. 
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€. Repairing the Low-Voltage Supply 
(1) У. low 


Check for excessive current drain. Isolate to faulty component by removing one IC at a 
time until fault is found. 


Next, try to adjust for 5.00 volts. If the adjustment is satisfactory, use; If adjustment fails, 
A101 is inoperative. Replace it and readjust V, for 5.00 volts. 


(2) V, high. 


Try to readjust for 5.00 volts. If the adjustment is satisfactory, use. If adjustment fails, 
replace A101 and readjust V, for 5.00 volts. 


(3) Error in +V. Probable causes: 
(a) QIOI defective. 
(b PWR ON from computer 0.4 volts. 
(4) Error in Vaa. Probable causes: 
(а) 0102 defective. 
(b) 013 defective. Also check 010 and C10. 
(5) Error in V,. Probable causes: 
(a) A11 inoperative. 
(b) C15, C14 defective. 
(c) V, adjust, (R18) defective. 
f. Speaker nonfunctioning (Note: Check S-RATE [S10] for proper setting.) Probable causes: 
(1) Speaker defective. 
(2 ОП, 012 defective. 
(3) A104 inoperative. 
(4) S10 defective. 
(5) CRIOI defective. 


(6) SPKR from computer »0.4 volt with speaker ON. Check ribbon cable, contact at pin 
8 of Al, and board damage. If they are satisfactory, Al or keypad switch is defective. 
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(7) А105 inoperative. 
If speaker works but alarm does not: 
(а) CRIO2 defective. 


(b) ALM from computer 20.4 volt when in alarm condition. Check contact at pin 7 
of A1, ribbon cable, and board damage. If they are satisfactory, A1 is inoperative. 
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SECTION 6 


ΤΝ n 


MODEL Е$Р-1 


SECTION VI. PARTS LIST 


The following table lists the electronic items incorporated in the ESP-1 and should contain any part 
necessary for normal repair. Unless otherwise specified, callouts of manufacturers and manufacturers” part 
numbers are to be considered typical examples only and not restrictions against using equivalent parts with 
the same operating characteristics. When ordering parts from Eberline, specify model number, serial 
number, reference designation, value, Eberline part number, or a word description if the part has no 
reference designation. Eberline will automatically substitute equivalent parts when the one called out by 
the manufacturers’ part number is not available. 


Board Set (3 boards plus display) part no: SP10A 


DESIG PART 


Al Integrated Circuit 
A2 Integrated Circuit 
A3 Integrated Circuit 
A4 Integrated Circuit 
А11 Integrated Circuit 
A101 Integrated Circuit 
A102, Integrated Circuit 
A103 

А104 Integrated Circuit 
А105 Integrated Circuit 
Ci Capacitor 

C2 Capacitor 

C3 Capacitor 

(4 Capacitor 

C5, C6 Capacitor 

C8, C101 Capacitor 

C10 Capacitor 

Cli Capacitor 
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DESCRIPTION 


Microprocessor 
EPROM 
Octal Buffer 


NOR Gate 
Converter 


Regulator 
Operational 
Amplifier 
Quad 2-input 
NOR Gate 
12-Bit Binary 
Counter 


0.047 F, 5 V 
1.0 pF, 10%, 
35 V, tantalum 
15 pF, 10%, 
20 V, tantalum 
33 НЕ, 10%, 
10 V, tantalum 
100 pF, 100 V 
0.047 LF, 20%, 
50 V 

220 ҺЕ, 10%, 
10 V, tantalum 
220 pF, 10%, 
3kV 


MANUFACTURER & 
PART NUMBER 


National 27C32-Q-45 
National 74HC373 

or 54HC373J 

74HC02 

Intersil ICL7660SCPA 


Intersil ICL7663SCPA 
Motorola MC14575P 


RCA CD4001BE 


RCA CD4040BE or 
SGS HFC4040BE 


NEC FA0H473Z 
Sprague 
199D105X9035AA1 
Sprague 
199D156X9020SA1 
Sprague 
199D336X9010DA1 
AVX SRISIAIOIKAA 
Kemet 
C321C473M5USCA 
CS13 


Centralab DD30-221 


EBERLINE 
PART NUMBER 


ICXXRMI4SA 
ICCMA27C32 
ICHCA74373 


ICHCA00002 
ICVCA76605 


ICAVA7663C 
ІСАОА 14575 


ICCMA4001B 
ICCMA4040B 
CPSP473MXC 
CPXXII 
CPXXIO 
CPXX12 


CPCE101P3N: 
CPCE473P4N 


CPTA221M3F 


CPCE221P3Y 
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КЕЕ 
DESIG PART 
C12, СІЗ Capacitor 


C14, C15 Capacitor 
C109 


C16 Capacitor 
C17 Capacitor 
C7, C104,  Capacitor 
C107, C114 

C106 Capacitor 
C110 Capacitor 
C111 Capacitor 
C112 Capacitor 
C113 Capacitor 
CR1, CR2, Diode 
CR3, CR101, 

СК102, СК103, 
CR104 


СК10 Diode 


DSI Bulb 


Q1,Q11, Transistor 


Q12,Q21, 
Q103 
Q10 Transistor 
013, Q101 Transistor 
020 Transistor 
Q102, Transistor 
Q104, 0105 
Q106 Transistor 
R1,R22,  Resistor 
R23, R107 
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DESCRIPTION 


0.01 pF, 20%, 

3 kV 
10 uF, 20%, 
16 V 


0.047 uF; 10%, 
100 Y 

3.3 НЕ, 20%, 
35 V, tantalum 
0.1 ИЕ, 10%, 
50у 

0.01 pF, 20%, 
50 V 

820 pF, 10%, 
100 V 

22 pf, 10%, 
200 V 

0.022 НЕ, 10%, 
100 V 

1000 pF, 10%, 
100 V 

Silicon 
Switching 


Silicon 


T-1 1⁄4, 6 V, 
60 mA incandescent 


NPN, silicon 


PNP, silicon 
PNP, silicon 
PNP, silicon 
NPN, silicon 
NPN, silicon 


10k, 5%, 1/8 W, 
carbon film 


MANUFACTURER & 
PART NUMBER 

Sprague 30GA-S10 
Sprague 
199D106X0016CA1 

or ITT TAP-B10K35 
Sprague 

225P47391WD3 

Sprague 
199D335X0035BB1 
Centralab CW20C104K 
AVX SR155C103KAA 
Type CK12 

Kemet C052C220K2X1CA 
Kemet C062C223K1X5CA 
Centralab CN20A 102K 


1N4148 


High Voltage 


Chicago Mini, CM2114D 
2N4401 


Motorola 2N4234 or 
National 2N4234, 2N4236 
2N4403 

2N4126 

2N4124 


2N5088 


EBERLINE 
PART NUMBER 
CPCE103P4Y 


CPTA 100M4X 


CPPF473P3P 

CPTA335P4L 
CPCE104P3N 
CPCE103P3N 
CPCE821P3P 
CPCE220P3R. 
CPCE223P3P 
CPCE102P3P 


CRSIINA4148 


CRSIVA0025 


LPBU17 
TRSN2N4401 


TRSP2N4234 
TRSP2N4403 
TRSP2N4126 
TRSN2N4124 
TRSN2N5088 


RECC103B21 
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КЕЕ 

DESIG PART 

R2 Resistor 
R3,R101 Resistor 

R4 Resistor 

R20 Resistor 

R10 Resistor 

RII Resistor 

R12 Voltage Divider 
R13 Resistor 

R14 Resistor 

R15 Potentiometer 
R16, R17 Potentiometer 
R18 Potentiometer 
R21,R109, Resistor 
R113, R151 

R102 Resistor 
R103 Resistor 
R104 Resistor 
R105, Resistor 
R106 Resistor 
R108, Resistor 
R115 

R110 Resistor 
КІП, Resistor 
R120,R121, 

R127,R140 

R112 Resistor 
R114 Resistor 
R116 Resistor 
R117 Resistor 
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DESCRIPTION 


2.4k, 5%, 1/8 W, 
carbon film 

12 Q, 5%, 1/8 W, 
carbon film 

270 Q, 5%, 1/8 W, 
carbon film 

1k, 5%, 1/8 W, 
carbon film 

270 О, 5%, 1/4 W, 
carbon film 

10M, 5%, 1/4 W, 
carbon film 
1000M/1M, 5% 
100k, 5%, 1/4 W, 
carbon film 

22 О, 5%, 1/4 W, 
carbon film 

500К 

50К 

25К 

47k, 5%, 1/8 W, 
carbon film 

3.0M, 5%, 1/8 W, 
carbon film 

910k, 5%, 1/8 W, 
carbon film 

20k, 5%, 1/8 W, 
carbon film 

75К, 5%, 1/8 W, 
carbon film 

18k, 5%, 1/8 W, 
carbon film 

200k, 5%, 1/8 W, 
carbon film 

30k, 5%, 1/8 W, 
carbon film 

22k, 5%, 1/8 W, 
carbon film 


470 Q, 5%, 1/8 W, 
carbon film 

49.9k, 1% 

390k, 5%, 1/8 W, 
carbon film 

2.1k, 1% 


MANUFACTURER € 
PART NUMBER 


TRW/IRC Special 


Spectrol 64X504 
Spectrol 64X503 
Spectrol 64X253 


RN50 


RN50 


EBERLINE 
PART NUMBER 
RECC242B21. 
RECC120B21 
RECC271B21 
RECC102B21 
RECC271B22 
КЕССІ06В22: 


КЕХХ22 
КЕССІ04В22 


КЕСС220В22 
РТСЕ504В23 
РТСЕ503В33 
РТСЕ253В13 
RECC473B21 
RECC305B21 
RECC914B21 
RECC203B21 
RECC753B21 
RECC183B21 
RECC204B21 
RECC303B21 


RECC223B21 


RECC471B21 


RECE493B11 
RECC394B21 


RECE212B11 
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КЕЕ 
DESIG 


R125 
R118 
R5, R119 
R122 
R123 
R124 
R126, 
129,R141 
R128, 
R135 
R131, 
R133 
R134 
R137 
R138 
R139 

51 

S10, S11 
TI 


ΧΙ 
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PART 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Switch 
Switch SPDT 
Transformer 
Crystal 
Speaker O-ring 
Speaker 
Display 
Keypad 


Case 
Screw 


Ribbon Cable 


DESCRIPTION 


2.2k, 5%, 1/8 W, 
carbon film 

4.7k, 5%, 1/8 W, 
carbon film 

1M, 5%, 1/8 W, 
carbon film 

2k, 5%, 1/8 W, 
carbon film 

39k, 5%, 1/8 W, 
carbon film 

68k, 5%, 1/8 W, 
carbon film 

150k, 5%, 1/8 W, 
carbon film 

100k, 5%, 1/8 W, 
carbon film 

5.1k, 5%, 1/8 W 
130k, 1%, 

100k, 1%, 

510k, 5%, 1/8 W, 
carbon film 
270k, 5%, 1/8 W, 
carbon film 

3.3k, 5%, 1/8 W, 
carbon film 


Dip Toggle DPST 
Dual Slide 
right angle 


Blocking oscillator 


6.0 MHz, 0.015% 
Buna-N 
1-inch-diameter x 
0.6 deep, 80, .15W 
2-line x 
16-character (LCD) 


Upper, Lower 
Lower-case 
retaining screw 


Keyboard/Computer 
Board Cable 
(9-conductor) 


PART NUMBER 


MANUFACTURER & EBERLINE 


PART NUMBER 


RECC222B21 
RECC472B21 
КЕССІ05В21: 
RECC202B21 
RECC393B21. 
RECC683B21 
RECC154B21 
RECC104B21 
RN50 RECC512B21 
RN50 RECE134B11 
RN50 RECE104B11 
RECC514B21 
RECC274B21 
RECC332B21 
Alco ADP-02 SWTO1 
Alco TSD21DDG-RA SWSL7 
Microtran M8149 ТЕНУ5 
МР-060 CYOS9 
Parker 2-021 ORBN2021 
берсо 0101 ADSP4 
Hitachi LM016L OPDS19: 
ZP 11292006 
ZP 11292029 
3/8 - 16x 1 SCFH3716 
flat-head, 
stainless-steel 
Special WRFC092601 
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PART 


Ribbon Cable 


Ribbon Cable 


Access door 
Access door latch 


Battery 


Display lens 
Speaker Retainer 
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DESCRIPTION 


Display/Computer 
Board Cable 
(14-conductor) 
Computer Board/ 
Cable Amp.--High 
Voltage Board 
(16-conductor) 


1.5 V, "C" cell, 
alkaline 


MANUFACTURER & 
PART NUMBER 


Special 


Special 


Southco 
84-20-120-10 


EBERLINE 
PART NUMBER 


WRFC142602 


WRFC162603 


ZP11292012 
HDFA10° 


BTAK2 


ZP11292023 
ZX11292013 
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Figure 7-2. Functional Block Diagram for Amplifier, 
High Voltage and Speaker 
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Figure 7-3. Low Voltage Functional Block Diagram 


VOLTAGE 
CONVERT 
АМ 


Гала са I TRIP DER. 


"UV d.e erm κοκ ааа е 


EST 


SEDIPS 


Figure 7-4. Printed Circuit Board Set 
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Figure 7-6, Amplifier/High Voltage Schematic, 11292-D04°, Sheet 2 of 2 


TURN OFF 
SET FOR 
“SLEEP” 


TURN ON 


ARE 
PARAMETERS 
SPEC'D 


* Pressing ON/OFF always 
starts the program at BEGIN. 


SET 
PARAMETERS 
TO DEFAULT 
VALUES 


** Microcomputer stays in this 
mode until ON/OFF keypad 
is pressed, which causes 
the logic to return to BEGIN. 


TURN ON POWER 
TO REST OF UNIT 


WAIT TWO SECONDS TO 
STABILIZE VOLTAGE 


INITIALIZE TIMER, 
COUNTERS, DISPLAY 


RATE METER 
MODE 
(Figure 7-9) 


Figure 7-7. Logic Flow-Applying Power 
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INQUIRY/CAL 
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SCALER 
ENABLED 
? 


YES DISPLAY 


“SCALER MODE"? 


WAIT FOR 
KEYPAD ENTAY 


SCALER MODE 
(Figure 7-11) 


RATE METER 
MODE 
{Figur 


ЕД 


SELECT 
BASE UNIT 


SELECT 
BASE RATE 
{SUFFIX} 


SELECT 
MULTIPLIER 
(PREFIX) 


PARAMETER 


CAL CNST 
ecc) 


PARAMETER 


DEAD TIME 
]"DT (SEC)"] 


Y 


PARAMETER 


HIGH VOLTAGE 
FACTOR 


Figure 7-9. Logic Flow-Inquiry/Calibration 


PARAM 
(Figure 7:12) 


SCALER MODE 


SELECT UNITS TO INTEGRATE: 
“EVENTS” FOR CNTS *1 
“RATE METER UNITS” 
FOR CNTS *CC 


SCALER ALARM 


PARAMETER = 
“SCALER ALM SET” 


.PARAMETER 
(Figure 7-12) 


COUNT TIME 


ΡΑΒΑΜΕΤΕΗ = 
"COUNT TIME" 


PARAMETER 
(Figure 7-12) 


DISPLAY: 
“CNT FOR (CNT TIME)" 
““RESET' TO START" 


KEYPAD 
ENTRY 
? 
YES 


SCALER MODE 


COUNT TIME 


INQUIRY/CAL 
(Figure 7-10) 


INTEGRATE = 0 
START TIMING 


DISPLAY TIME LEFT 
AND INTEGRATED VALUE 


RESET 
PRESSED 
3 


MODE 
PRESSED 
2 


INQUIRY/CAL 
(Figure 7-10) 


COUNT 
COMPLETE 
? 


Figure 7-10. Logic Flow-Scaler Mode 


DISPLAY: 


“CNT FOR (COUNT TIME” 
“(INTEGRATED VALUE)” 
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DISPLAY 
“(PARAMETER)” 
ON LINE 1 


READ, CALC, AND 
DISPLAY CURRENT 
RATE ON LINE 2 


RATE METER 
MODE 
(Figure 7-9) 


INCREASE 
PARAMETER 
VALUE 


DECREASE 
VALUE 


Figure 7-11. Logic Flow-Parameter Setting 


SECTION 8 


іші 


Model No. 
AC-3 
HP-100A 
HP-190A 
HP-210 
HP-220A 
HP-230A 
HP-260 
HP-270 
HP-280 


HP-290 
LEG-1 


MODEL ESP-1 


SECTION VIII. DETECTORS AND ACCESSORIES 


Detectors Recommended for "SMART" Digital Instruments 


Type Measurement 


Alpha Contamination 

Alpha, Beta, Gamma Contamination 
Beta-gamma Contamination 

1 1/8 inch window 

Beta-gamma Contamination 

2 inch window 

Gamma Exposure or Exposure Rate 
Directional Shield 

Beta-Gamma Contamination 

7/8 inch window 

Beta-gamma Contamination 
Gamma Exposure or Exposure Rate 
Neutron Flux 

(used with NRD) 

Gamma Exposure or Exposure Rate 
Low Energy Gamma or X-Ray 

20 to 70 KeV 

Neutron Dose Equivalent 

or dose Equivalent Rate 

High Sensitivity Gamma 

10 KeV to 100 KeV 

Alpha or Beta Filter Samples 

Up to 4 1/2 inch diameter 

Lucas Cell Counter 

Alpha Filter Samples 

High Sensitivity Gamma 

40 KeV to 1 MeV 

Medium Sensitivity Gamma 

40 KeV to 1 MeV 

Medium Sensitivity Gamma 

40 KeV to 400 KeV 

High Sensitivity Gamma 

40 KeV to 250 KeV 

4π Gamma 


11292-A37A 
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Useful Range 


Background to 33,000 спуѕ 
Background to 33,000 cnt/s 
Background to 25,000 cnt/s 
Background to 66,000 cnt/s 
Background to 200 R/h 
Background to 1000 mR/h 
Background to 66,000 cnt/s 
Background to 2500 mR/h 
Background to 44,000 cnts/s 
0.005 to 50 R/h 

Background to 33,000 cnt/s 
0.001 to 60 rem/h 
Background to 25k cnts/s 
Background to 33,000 cnts/s 
Background to 33,000 cnts/s 
Background to 50,000 cnts/s 
Background to 25,000 cnt/s 
Background to 25,000 cnt/s 
Background to 25,000 cnts/s 
Background to 25k cnts/s 


Background to 33,000 cnts/s 


Models HP-270 апа HP-290 
Hand Probes 


A. GENERAL DESCRIPTION 


The HP-270 is an excellent general purpose G-M probe 
with energy compensation and a beta shield, making it 
the choice for most health physics applications. The 
energy compensation permits reliable exposure rate 


measurement from background to 3000 mR/h. 


The HP-290 is a higher range G-M probe with energy 
compensation, providing reliable exposure rate mea- 


surement from 0.1 mR/h to 40 R/h. 


e Energy Compensated for Gamma and 
Exposure Rate Measurements 


В, SPECIFICATIONS 


Operating Voltage: 
Plateau Length: 
Plateau Slope: 


Dead Time: 
Temperature Range: 


Wall Thickness: 
Wall Material: 
Gamma Sensitivity: 
Energy Response: 
Housing: 
Connector: 

Size: 


Weight: 


HP-270 


900 +50 V 
100 V minimum 


0.1 percent per V 
maximum 


100 us maximum 


~40°F to +167°F 
(-40°C to 4 75*C) 


30 mg/cm' (tube only) 
Stainless steel 

= 1200 cpm/mR/h ('??С$) 
See curve 

ABS plastic 

BNC series coaxial 


1%/s inches in diameter x 
6 inches long 
(3.5 cm x 15.2 cm) 


5 ounces (142 g) 


C. AVAILABLE ACCESSORIES 


Cable: CA-16-60 
Check Source: CS-7A 
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HP-290 


550 +50 V 
100 Y minimum 
0.2 percent per У maximum 


20 us maximum 


—40°F to +167°Е 
(—40°C to +75°С) 


90 mg/cm' (tube only) 
Stainless steel 

=80 cpm/mR/h (Cs) 
See curve 

ABS plastic 

BNC series coaxial 


1'/s inches in diameter х 
3/4 inches long 
(2.9 cm x 8.9 cm) 


2 ounces (57 g) 


RATIO 


mRth READING 


mAh FIELD 


Model HP-270 


GAMMA ENERGY (кеу) 


A. GENERAL DESCRIPTION 


tor is alpha sensitive (above 3 MeV). 


П 


lightweight probe without any gamma shielding. 


B. SPECIFICATIONS 


Operating Voltage: 900 +50 V 

Plateau Length: 100 V minimum 

Plateau Slope: 0.1 percent per V maximum 
Dead Time: 50 us maximum 


Temperature Range: — 22°F to +167°F 
(-30°C to +75°С) 


Mica Window Thickness: 1.4 to 2.0 mg/cm?, 


Model HP-260 


These hand probes provide a sensitive beta detector 
featuring a “РапсаКе”” GM tube with a thin mica win- 
dow. They are designed for contamination surveys on 
personnel, table tops, floors and equipment. The open 
window, which is protected by a sturdy wire screen, per- 
mits useful beta sensitivities down to 40 keV. The detec- 


The HP210-L with a lead shield and the HP-210T with a 
tungsten shield permit relatively low-level beta monitor- 
ing in a gamma background. The shielding ration for 
“Со gamma (front: back) is 4:1. The HP-260 is a 


Models HP-210 and HP-260 
Hand Probes 


Mica Window Size: 1.75-inch-diameter 
(4.45 cm); 2.4 in? (15.5 cm?) 


Gamma Sensitivity: =3600 cpm/mR/h (13309) 
(into window) 


*Beta Efficiency: 
2:45 percent **Sr-°°Y 
= 30 percent Tc 
= 10 percent “С 


Alpha Sensitivity: 3 MeV at window 
Connector: BNC series coaxial 


C. AVAILABLE ACCESSORIES 


Sample Holder: SH-4A for use with HP-210 
Cable: CA-16-60 
Check Source: CS-7A 


*Efficiencies with screen in place. Screen removal will 
increase efficiency by =45 percent of stated value. 
Efficiencies listed as percentage of 2π emission rate, 
from a A source. 


Model HP-210T/Model HP-210L 
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Model МЕР 
Мешгоп rem Detector 


A. GENERAL DESCRIPTION 


The Model NRD neutron rem detector is a nine-inch- 
diameter, cadmium-loaded polyethelene sphere with a 
BF, tube in the center for use as an area monitor. This 
detector has been shown to have an energy response 
which closely follows the theoretical dose from neutrons 
over the energy range from 0.025 eV (thermal) to about 
10.00 MeV.' ? The BF, tube allows excellent gamma 
rejection. : 


В, SPECIFICATIONS 


Detector: BF, tube in nine-inch cadmium-loaded 
polyethelene sphere. 


Plateau: Approximately 200 V with a slope of 5 percent 
per 100 V. 


Operating Voltage: Dependent on sensitivity of counter 
* and cable length. Typically 1600 to 2000 V. 


Directional Response: Within +10 percent. 


Energy Range: Thermal to approximately 10 MeV. 
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Gamma Rejection: Up to 500 R/h, dependent on high 
voltage setting. 


Sensitivity: Approximately 50 cpm per mrem per hour 
(3000 counts per mrem). 


Connector: ΜΗΝ Series coaxial. 


Size: 9-inch-diameter x 97/s-inch overall height (22.9 
cm X 25.1 cm). 


Weight: 13.75 pounds (6.24 kg). 


С. AVAILABLE ACCESSORIES 
Cable: CA-15-36 


Bracket: Wall Mounting Model ZP10478021 

' “A Modified Sphere Neutron Detector,” D.E. Hankins, 
LA-3595. 

2 “The Substitution of a BF, Tube for the Lil Crystal in Neutron 


rem Meters", D.E. Hankins: Health Physics Journal; Volume 14, 
Number 5, May 1968. 


NRD 


€ MEASURES NEUTRON DOSE RATE 
FROM THERMAL THROUGH FAST 


e BF, TUBE GIVES HIGH GAMMA REJECTION 


Model НР-280 
Neutron Sphere 


A. GENERAL DESCRIPTION 


The Model HP-280 is a three-inch-diameter cadmium- 
covered polyethylene sphere which uses the same BF, 
tube as the NRD nine-inch sphere. HP-280 readings are 
to be taken with the same tube as the NRD. No tube is 
supplied with the HP-280. 


The cadmium covering over the HP-280 will cause the 
detector to reject thermal neutrons. Because of the 
smaller moderating volume of polyethylene of the 
HP-280, it will overrespond to lower energy neutrons 
and underrespond to higher energy neutrons as com- 
pared to the nine-inch sphere. Thus, in the energy range 
in which the HP-280 responds, a ratio of reading bet- 
ween the nine-inch and three-inch spheres will give in- 
formation as to the energy spectrum of the neutron flux. 


This energy information has been correlated to the energy 
dependence of the albedo neutron TLD dosimeter (see 
references 1 and 2 below). This energy correlation is shown 
as a calibration factor which would be applied to the 
neutron response of an albedo dosimeter. ` 


For a more complete understanding of the phenomenon 
described above, refer to the following papers: 


“A Modified Sphere Neutron Detector,” D.E. Hankins, 
LA-3595. 

“The Substitution of a BF, Tube for the Lil Crystal in 
Neutron rem Meters." D.E. Hankins: Health Physics 
Journal; Volume 14, Number 5, May 1968. 


B. SPECIFICATIONS 


Detector: BF, tube is not supplied with this sphere. Use 
the same tube as in nine-inch sphere. 


Electronics: Suitable for use with many Eberline 
counters and scalers. 


Length: Approximately 6% inches (15.9 cm). 


Weight: 2 pounds (0.91 kg) less detector tube. 


Calibration with Monoenergetic Neutrons 
by National Bureau of Standards 


Energy, keV Typical Response of Instrumnet 

(cpm per mrem/h) 
NRD HP-280 

2 215 1835 
24 240 1320 
144 80 200 
235 70 160 
515 35 35 
754 35 25 
1054 35 15 


C. AVAILABLE ACCESSORIES 


Detector: BF, Tube 
Cable: CA-15-36 
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Моде! АС-3 
Alpha Scintillation Probe 


A. GENERAL DESCRIPTION 


To meet the various requirements in the field of alpha 
monitoring and the different types of instruments, the 
AC-3 alpha scintillation probe has been designed for 
alpha surveys or for personnel monitoring. The AC-3 is 
a rugged alpha probe designed to work with several 
Eberline portable survey or radiation monitoring in- 
struments. 


There are two versions of the AC-3, differing only in the 
window assembly. The AC-3-7 designates a maximum 


B. SPECIFICATIONS 

Active Area: 9.1-in? (59 cm?) -within 5.75-inch x 
2-inch (14.6 cm x 5.1 cm) sampling area. 

Window Thickness: 0.5 mg/cm? aluminized Mylar® 


Efficiency: From a 1-inch-diameter source or from 
59 cm? of a large distributed area 
53*Pu source (27). 


AC-3-7 shown with optional check source 
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open area window for alpha surveys, and the AC-3-8 
designates a rugged window which has a fine mesh pro- 
tector over the Mylar? for personnel monitoring. 


The Mylar® window is а ““sandwich”” assembly which: 
can be replaced by the removal of six screws. This win- 
dow can also be used on older AC-3 probes without 
modification. 


There is a clear plastic probe face cover supplied to pro- 
tect the window when the probe is not in use. 


AC-3-7 window: 28 percent minimum, 
31 percent typical. 


AC-3-8 window: 18 percent minimum, 
20 percent typical. 


C. ACCESSORIES 


Cable: CA-12-60 
Check Source: C-10 or C-12 


€ LARGE AREA COVERAGE 
€ SUBMERSIBLE FOR DECONTAMINATION 
€ FACE ASSEMBLY EASILY CHANGED 


Model LEG-1 
Low-Energy Gamma Probe 


A. GENERAL DESCRIPTION 


The LEG-1 is a gamma scintillation probe for detection 
of low-energy gamma and x-rays. It is designed for the 
detection of "31 and other low-energy gamma emitters. 


B. SPECIFICATIONS 
Crystal: l-inch-diameter х 0.04-inch-thick with 


0.001-inch window (2.54-cm-diameter x 1-mm-thick 
Nal(T)) scintillation crystal with a 0.025-mm aluminum 


` window). The total window thickness of the probe, in- 


cluding the housing, is 0.011 inch (0.28 mm) aluminum 
or 75.4 mg/cm?. 


Sensitive Area: 0.79 in? (5.1 cm?) 
Photomultiplier Tube: t-inch-diameter (2.54 ст), 


1t-dynode with S11 response. The PM tube is enclosed 
in a magnetic shield. 


Maximum Voltage: 1500 V 


Operating Voltage: Variable depending upon applica- 
tion. 


Current Requirement: Divider string is approximately 
110 MQ, using 10 uA at 1100 V. 


Dimensions: 1.65 inches in diameter x 7.9 inches long 
(4.2 cm x 20 cm). 


Weight: 12 ounces (340 g) 
Connector: Eberline CJ-1 which mates with Eberline 


CP-1. Cable must be specified. 


C. AVAILABLE ACCESSORIES 


Cable: CA-12-60 
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Model SPA-3 
Scintillation Probe 


A. GENERAL DESCRIPTION 


The Model SPA-3 scintillation probe is a rugged, water- 
proof gamma detector designed for high sensitivity of 
pulse-height applications. 


The SPA-3 contains a 2-inch-diameter, 2-inch-long 
Nal(TI) crystal, a 2-inch, 10-stage photomultiplier tube, 
tube socket with a dynode resistor string, and a mag- 
netic shield. 


B. SPECIFICATIONS 


Crystal: Nal(TI) 2-inch-diameter x 2 inches long 
(5.1 cm x 5.1 cm). 


Photomultiplier Tube: =2-inch-diameter, 10-dynode, 
end-window with S-11 photocathode. 


Operating Voltage: Variable dependent upon applica- 
tion. 


Maximum Voltage: + 1600 V 
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Sensitivity: =1200k cpm per mR/h with '*Cs 


Current Drain: = 120 MQ resistance string yields 10 дА 
at 1200 V. 


Wall Material: Aluminum 


Wall Thickness: '/s-inch (0.32 cm), "16-inch (0.16 cm) 
at crystal. 


Connector: Mates with Eberline CP-1. 
Finish: Enameled body with chrome-plated connector. 


Size: 25/3 -inch-diameter x 11'/s inches long (6.7 cm х 
28.3 cm). 


Weight: 3.25 pounds (1.5 kg) 


C. AVAILABLE ACCESSORIES 


Cable: CA-12-60 


€ HIGH GAMMA SENSITIVITY 
€ 2-INCH x 2-INCH Nal(TI) CRYSTAL 
€ RUGGED CONSTRUCTION 


Model HP-190-A 
Hand Probe 


A. GENERAL DESCRIPTION 


The Model HP-190A hand probe uses a thin end- 
window GM tube for detection of relatively low energy 
beta and provides a limited sensitivity to high energy 
alpha particles. The HP-190A does not have energy 
compensation; therefore, it is not recommended for 
gamma exposure rate measurements. 


B. SPECIFICATIONS 


Operating Voltage: 900 + 50У 

Plateau Length: 100 Y minimum 

Plateau Slope: 0.1 percent per V maximum 

Dead Time: 200 zs maximum 

Temperature Range: —67? F to + 167° F 

(—55° C to +75° C) 

Mica Window Thickness: 1 !/8- inch-diameter (2.9 cm) 


€ THIN END WINDOW 
€ HIGH BETA SENSITIVITY 


€ WINDOW PROTECTIVE SCREEN 


Gamma Sensitivity: z 2500 cpm/mR/h (9105) (into 
window) 
*Beta Efficiency: 
=35 percent *Sr-°°Y 
2:25 percent °Tc 
= 10 percent "C 
Alpha Sensitivity: 3 MeV at window 
Connector: BNC series coaxial 
Size: 1 2/8 inches in diameter x 4 7/8 inches long 
(3.5 cm x 12.4 cm) 
Weight: 5.5 ounces (155 g) 


*Measured without screen cap. With cap in place, effi- 
ciency will be Ξ:50 percent of values listed. Efficiencies 
listed as percent of 27 emission rate from a one-inch- 
diameter source. 


HP-190A 
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